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EXECUTIVE SUMMARY

This docqmént provides a discussion of the treatment technologies
applicable to wastes that are subject to the Land Disposal Restrictions (LDR),
which were mandated by Congress as part of the 1984 Hazardous and Solid Waste
Amendments (HSWA) to the Resource Conservation and Recovery Act (RCRA). This
document does not include every possible technology that may be used to treat
wastes subject to the LDR, but discusses those most commonly used. The
technologies discussed include those that are demonstrated (commercially
available) and have been proven to substantially diminish the toxicity of
hazardous constituents and/or to reduce the likelihood of migration of such
constituents from the waste of concern. These technologies include those that
treat wastewaters* and those that treat nonwastewaters.

Treatment performance data from technologies discussed in this document
were the basis for the determination of the Best Demonstrated Available
Technology (BDAT), from which the Land Disposal Restrictions treatment standards
were promulgated (as numerical standards or methods of treatment). Information
supporting the development of these treatment standards may be found in the
applicable background documents prepared for EPA’s Office of Solid Waste, Waste
Treatment Branch. These BDAT background documents contain information on the
following: industries affected and waste characterization, applicable and
demonstrated treatment technologies for the wastes of concern, determination of
BDAT, and treatment performance data with design and operating conditions.

*For the purpose of the Land Disposal Restrictions rule, wastewaters are
defined as wastes containing less than or equal to 1 percent (weight
basis) filterable solids and less than or equal to 1 percent (weight
basis) total organic carbon (TOC). Wastes not meeting this definition
are classified as nonwastewaters.
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The methodology EPA used to develop the BDAT treatment standards is
described in two separate documents: Generic Quality Assurance Project Plan for
Land Disbosa] Restrictions Program ("BDAT™) (USEPA 1990) and Methodology for
Developing BDA%‘Treatment Standards (USEPA 1990). The second document also
discusses the petition process to be followed in requesting a variance from the
BDAT treatment standards.

Appendix A lists the background documents developed for the BDAT program,
identifying the technologies and the types of constituents treated (e.g.,
organics, inorganics, metals, etc.) when present in actual treatment performance
data.

The treatment performance data and the design and operating data (see
Section 5 of this executive summary for a discussion of design and aperating
data) contained in these documents may be used to help determine whether a
treatment system has been designed and operated properly. The treatment
performance data from these background documents may be used to compare the
performance of a treatment system of concern treating the same or similar
constituents (provided the waste matrices are not significantly dissimilar).
Comparisons can be made of the destruction or removal efficiencies, the level of
treatment achieved, and the design and operating parameters of a system (for
example, feed rate, temperature, and oxygen concentration for incineration
systems or concentration of nutrients, dissolved oxygen, residence time, etc. for
biological treatment systems).

One document that may be particularly helpful is the F039 (Multisource
Leachate) background document, Volumes A through E (USEPA 1990). This document
contains comprehensive treatment performance data covering the complete 1ist of
P and U waste code constituents. The nonwastewater data, for the most part, were
derived from 11 incineration test burns for the organics and from stabilization
treatment for the metals. The wastewater data were derived from various sources
such as EPA’s Office of Water’s Industrial Technology Division ([TD), the

f: \documant \15254031.01.002 ix



National Pollutant Discharge Elimination System (NPDES), Water Engineering
Research- Laboratory (WERL), and other data sources available to the Agency.
These above- meaﬁ1oned data were generally considered to represent long-term
samp11ng, with many data sets meeting EPA’s criteria for quality assurance/
quality control. Hence, treatment performance data from the F039 background
document and other BDAT documents may be used as a basis for comparison when
evaluating the performance of other treatment systems.

The Agency wishes to point out that additional information on treatment
technologies may be obtained through EPA’s Alternative Treatment Technology
Information Center (ATTIC), operated by the Office of Environmental Engineering
and Technology Demonstration. The ATTIC is an information retrieval network that
provides up-to-date technical information on innovative treatment methods for
hazardous wastes. The ATTIC provides information on innovative treatment
technologies, cost analysis, and migration and sampling data bases; provides
information on experts who can be contacted for assistance; and is a source for
locating and ordering documents.

Also, the EPA Office of Waste Programs Enforcement has tapes and manuals
for Inspectors of Incinerators (only available to EPA personnel). Information
include an introduction to incinerator design, air pollution control, and
regulatory guidance. Further information may be obtained by contacting the
Regional RCRA training coordinator.

The treatment technologies presented in this document have been organized
into three separate groups according to how they treat waste and to what types
of waste they are applicable: (1) treatment technologies that destroy or reduce
the migration of wastes; (2) removal technologies that separate or recover
constituents for recycle/reuse or treatment; and (3) technologies that treat
mixed waste, 1i.e., hazardous/radioactive waste. Although some of the
technologies can belong to more than one group, each technology has been placed
in the group where it is most commonly used.
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The remainder of this introduction describes the purpose and contents of
each of the various elements presented in each technology section:
app]icabi]ity,‘yﬁder1ying principles of operation, description of the technology,
waste characteristics affecting performance, and design and operating parameters.
Specifically explained are what information is provided in each technology
subsection, how the Agency uses this information as part of its BDAT program,
and, when applicable, haw the Agency intends to modify the treatment technology
discussions as more treatment data and information become available.

1. Applicability

(a) Information Provided. The applicability section contains information
on the general application of the treatment technology to various wastes. EPA’s
analysis of applicability is performed in consideration of the parameters and
constituents known to affect treatment selection. That is, in order to identify
whether a treatment technology was applicable to any particular waste stream, the
Agency considered all parameters and characteristics associated with a hazardous
waste that could affect the selection of a treatment technology. EPA uses the
acronym PATS (i.e., parameters affecting treatment selection) for these
parameters.

EPA’s 1ist of PATS, shown in Table 1, identifies all known constituents and
parameters that are needed to select a technology or technology train for a given
waste. -

It is important to point out that in developing this 1ist, EPA’s goal was
to determine the demonstrated technology or treatment technology train that would
best treat all of the constituents in the waste (i.e., achieve the lowest
concentration in the residual). Accordingly, EPA will add components to the
treatment train as long as they are demonstrated and will achieve statistically
significant reduction in the concentrations of the constituents. (Note: the
statistical analysis that the Agency uses to determine whether a significant

f:\document\15254031.01.002 xi
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Table 1 List of Parameters Affecting Treatment Selection

t
BDAT 1ist metals content

BDAT 1ist organics content
Content of other BDAT constituents (sulfides and fluorides)
Biological oxygen demand (BOD)

Btu content

Presence of complexed metals

Cyanide content

Filterable solids content

0i1 and grease content

Oxidation state

pH

Total organic carbon (TOC) content
Total organic halides (TOX) content
Viscosity

Water content

Selectivity value

Sublimation tempgrature

Ash fusion temperature
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reduction in constituents has occurred is referred to as Analysis of Varijance
(ANOVA).  Refer to the Methodology for Developing BDAT Treatment Standards
document” for fzrther information.)

(b) EPA’s Use of This Information. EPA uses the PATS as the basis for
making decisions regarding whether a particular technology is "demonstrated” for
a particular waste. The Agency is performing treatment tests on specific wastes
to "demonstrate” the treatment of the waste using the technology, to develop
treatment standards, and to set the criteria by which other wastes can be
regulated using the demonstrated technology.

The PATS analysis will sometimes show that several technologies are
applicable for treating the waste. EPA will prioritize these technologies based
on its analysis of available data and information regarding the effectiveness of
the varijous technologies. For organics, EPA’s preference will be technologies
that recover or destroy the compounds; for metals, the Agency’s preference will
be technologies that result in recovery of the metals. :

In some instances, analysis of a particular parameter affecting treatment
selection will not be possible or would be meaningless with regard to selecting
a treatment system. For example, the BOD of a contaminated soil is essentially
meaningless since the soil is not likely to be treated in a biological wastewater
treatment system.

(c) Use of New Data and Information. As data become available either

from industry or through EPA’s BDAT data collection program, EPA will modify the
PATS analysis to further refine specific concentration ranges for which various
technologies can handle various parameters.

f: \document\ 15254031.01.002 xiii



2, Underlying Principles of Operation

(2) Mr;nation Provided. For each treatment technology EPA provides the
fundamental theo}'y of operation of the technology. This section is not meant to
provide a detailed discussion on the specific complex physical, chemical, or
biological mechanisms by which treatment occurs. Instead, the discussion
describes the mechanisms involved so that one can understand what characteristics
can affect the performance of the technology. For example, the underlying
principle of chemical precipitation is that metals in wastewater are removed by
adding a treatment chemical to form a metal precipitate that is generally
insoluble and therefore settles out of solution. Formation of the precipitate
and the sett1ing mechanism are the principles controlling technology performance.

(b) Use of Information Provided. The theory of operation is necessary
as the precursor to analyzing which waste characteristics can affect the
performance of a given treatment technology. That is, the principles 6"f
treatment operation are used as the rationale and basis on which the Agency
determines what waste characteristics can affect performance. Accordingly, waste
characteristics affecting performance (WCAPs), which are discussed below, must
be understood from the standpoint of how each waste characteristic inhibits or

interferes with the fundamental operation of the treatment technology.

3. Description of the Treatment Process

This section provides a brief description of the principal components of
a treatment technology.. It is intended to provide a basic understanding of the
equipment used and the treatment sequence. This presentation relates the
discussion on underlying principles of operation with the later discussion of the
design and operating parameters important to effective waste treatment.
Simplified block diagrams are provided in this section. The information
presented is general in nature to avoid attempting to show all combinations and
permutations that are possible in describing a particular technology.
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4, aste Characteristics Affecting Performance (WCAPs)

(a) Information Provided. The WCAPs are based on the underlying
principles of the treatment technology. For example, the underlying principle
of chemical precipitation is formation of the insoluble metal precipitate and the
settling of the precipitate out of solution. WCAPs for this technology are those
parameters that affect the chemical reaction of the metal compound or the
solubility of the metal precipitate (i.e., formation) and/or affect the ability
of the precipitated compound to settle. The WCAPs include (a) the concentratien
and type of metals, (b) the concentration of total dissolved solids, (c) the
concentration of complexing agents, and (d) the concentrations of oil and grease.
The first three parameters can affect precipitate formation, and the last
parameter can affect settling rate.

EPA’s selection of WCAPs for the various treatment systems is based on .a
literature review, as well as information obtained during plant sampling visiﬁs
that test the treatment technology. EPA is aware that in some cases analytical
methods are not available to measure the specific waste characteristics that
affect treatment. In such instances, EPA measures the parameter that most
closely approximates the actual parameter of concern. For example, a WCAP for
steam stripping is the relative volatility of a component. Because relative
volatility cannot be measured, EPA uses boiling point as the best measure of
assessing the WCAP of relative volatility.

‘ The analysis of waste characteristics affecting performance is conducted
where EPA already has determined from a PATS analysis that an untested waste
could be treated effectively by the same BDAT technology as another waste for
which treatment performance data are available. The WCAP analysis is then used
to determine whether the treatment standards from the tested waste can be
transferred to the untested waste. Simply stated, this analysis compares, for
two separate wastes, the characteristics that affect the level of treatment that
can be achieved. Where this comparison shows that the untested waste can be
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treated as well or better, the Agency will transfer the treatment standards to
the untested waste.
“.

For example, for wastes that can be treated using chemical precipitation,
if the Agency tests a waste containing lead at a given level, it will transfer
the treatment standards developed from the test to a second lead-containing waste
if the second waste meets the following WCAP-based conditions:

e The Tead concentration is similar to that of the tested waste;
e The second waste has a lower total dissolved solids level;

o The concentration and type of other metals are similar to those of the
tested waste; and

e The untested waste has a concentration of o0il and grease similar to or
less than that of the tested waste.

(b) Use of Information Provided. In applying the WCAP analyses, it is
important to remember that the technology itself and the associated design and
operating conditions are fixed (i.e., they are fixed at the values that existed
for the already tested waste). EPA does not assume that, where WCAPs for the
untested waste show that it would be significantly harder to treat, the addition
of another treatment component or a change in design and operating conditions
will result in the untested waste achieving the same performance as that of the
previously tested waste. EPA is aware that modifying the treatment system or
bperating conditions could result in similar treatment. However, the Agency is
not certain, without demonstrating through testing, that treatment levels
associated with BDAT standards (normally in the low (<10) part per million or
part per billion range) can be achieved by simply changing treatment conditions.
Accordingly, EPA is very cautious in its decisions to transfer treatment
standards where the WCAP analysis shows that treatment modifications are needed
from the previously tested waste.
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(c) Use of New Data and Information. In developing the WCAPs for the
various treatment technologies, EPA found little and, in some cases, no
information on “the relative importance of the various WCAPs for a given
technology (i.e., which waste characteristics have the most significant impact
on treatment performance). Where information was available with regard to the
specific WCAPs that are important when assessing the performance of a particular
technology, EPA was unable to find any supporting data that would quantify the
relative impact of each of the WCAPs on treatment performance.

As data become available either from industry or through EPA’s BDAT data
co]]ection program, EPA may modify the WCAP aralysis to further refine the
parameters identified as affecting treatment technology performance. As
previously noted, before it adopts a new WCAP, the Agency must understand how the
parameters affect treatment relative to the underlying principles of operation.

5. Design and Operating Parameters

’

EPA uses design and operating information in several ways. First, this
information is used, in conjunction with the Agency’s BDAT data collection
program, in determining whether a particular treatment system is well designed.
That is, the Agency assesses design data prior to determining whether to test a
particular piece of equipment or treatment train for potential use in the
development of BDAT treatment standards. EPA obtains operating data during the
course of an Agency-cponsored treatment test to ensure that the treatment system
is well operated. Secondly, EPA expects facilities to provide the appropriate
design and operating data when submitting treatment data to be considered in the
development of the BDAT treatment standards. Again, the Agency assesses these
data to determine whether the treatment system was well designed and well
operated.

For example, some of the critical design and operating parameters for steam
stripping include the number of equilibrium stages in the column, the temperature
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at which the unit is designed to operate, and how well the design temperature is
controlled. In evaluating performance data froma steam stripping operation, the
Agency would erp;he the design specifications (e.g., the basis for selecting the
number of stage§ and design temperature) for the treatment unit in order to
determine the extent to which the hazardous constituents could be expected to
volatilize. After the design specifications are established, the Agency would
collect data (e.g., hourly readings of the column temperature) throughout the
operation of the treatment process demonstrating that the unit was operating
according to design specifications. If the data collected vary considerably from
the design requirements, that variation could form the basis for determination
that the treatment unit was improperly operated. If the temperature data show,
for example, that for significant periods of time the temperature varied
considerably from the design requirements, the Agency would not use these data
to determine the levels of performance achievable by BDAT.

Finally, EPA requires facilities petitioning for a treatment variance to
submit the plant’s design values and the operating data during the time of the
treatment period to ensure that the treatment system was well designed and well

operated.
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1. BIOLOGICAL TREATMENT

1.1 Appdicability

Biological treatment can typically be divided into two ciassifications:
aerobic biological treatment and anaerobic biological treatment. Aerobic
biological treatment takes place in the presence of oxygen, while anaerobic
biological treatment is an oxygen-devoid process.

Aerobic biological treatment is a treatment technology applicable to
wastewaters containing biodegradable organic constituents zad come nonmetallic
inorganic constituents including sulfides and cyanides. Four of the most common
aerobic biological treatment processes are (a) activated sludge, (b) aerated
lagoon, (c) trickling filter, and (d) rotating biological contactor (RBC). The
activated sludge and aerated lagoon processes are suspended-growth processes in
which microorganisms are maintained in suspension with the liquid. The trickliﬁg
filter and the RBC are attached-growth processes in which microorganisms grow on
any inert medium such as rocks, slag, or specifically designed ceramic or plastic
materials. This section discusses these four processes as well as the powdered
activated carbon (PAC) adsorption process, which is a variation of the activated
sludge treatment.

Anaerobic digestion is best suited to wastes with a moderate to high pH,
nonhalogenated hydrocarbons, moderate to low organic Toadings, and low to zero
biological oxygen demand. The waste should also be in a semisolid or sludge
form. Anaerobic biological treatment typically takes place in an anaerobic
digester.

1.2 Underlying Principles of Operation

The basic principle of operation for aerabic biological treatment processes
is that 1iving, oxygen-requiring microorganisms decompose organic and nonmetallic
inorganics constituents into carbon dioxide, water, nitrates, sulfates, simpler
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low-molecular-weight organic byproducts, and cellular biomass. Wastes that can
be degrad®d by a _given species or genus of organisms may be very limited. A
mixture of orgafisms may be required to achieve effective treatment, especially
for wastes containing mixtures of organic compounds. Nutrients such as ni trogen
and phosphorus are also required to aid in the biodegradation process.

The aerobic biodegradation process can be represented by the following
generic equation:

C H + 0y + %ﬂs—> H)0 + €0, + biomass

Microorganisms produce enzymes that catalyze the biodegradation reactions,
degrading the organic waste to obtain energy for cell metabolism and cell growth.

Aerobic biological treatment of wastewaters containing organic constituents
results in the net accumulation of a biomass of expired microorganisms consisting
mainly of cell protein. However, the cellular biomass or sludges may also
contain entrained constituents from the wastewater or partially degradéd
constituents. These sludges must be periodically removed ("wasted") to maintain
proper operation of the aerobic biological treatment system.

The basic principle of operation of anaerobic biolegical treatment is that
microorganisms in the absence of oxygen transform organic constituents and
nitrogen-containing compounds into carbon dioxide and methane gas. Often other
-nutrients such as nitrogen and phosphorus are necessary to aid digestion. The
anaerobic biological treatment process can be described by the following
equation: )

microorganisms
Cx H.Y + nutrients >C0Z + CH4 + biomass
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1.3 Description of Biological Treatment Processes

1.3.1 Activated Sludge

The activated sludge process is currently the most widely used biological
treatment process. This is partly the result of the fact that recirculation of
the biomass, which is an integral part of the process, allows microorganisms to
adapt to changes in wastewater composition with a relatively short acclimation
time and also allows a greater degree of control over the acclimated bacterial
poptlation.

An activated sludge system consists of an equalization basin, a settling
tank, an aeration basin, a clarifier, and a sludge recycle line. Wastewater is
homogenized in an equalization basin to reduce variations in the feed, which may
cause process upsets of the microorganisms and diminish treatment eff1c1=ncy
Settleable solids are then removed in a settling tank.

Next, wastewater enters an aeration basin, where an aerobic bacterial
population is maintained in suspension and oxygen, as well as nutrients, is
provided. The contents of the basin are referred to as the mixed 1iquor. Oxygen
is supplied to the aeration basin by mechanical or diffused aeration, which also
aids in keeping the microbial population in suspension. The mixed liquor is
continuously discharged from the aeration basin into a clarifier, where the
biomaés is separated from the treated wastewater. A portion of the biomass is
recycled to the aeration basin to maintain an optimum concentration of acclimated
microorganisms in the aeration basin. The remainder of the separated biomass is
discharged or "wasted." The biomass may be further dewatered on sludge drying
beds or by sludge filtration (which is further discussed in Section [1.B.2) prior
to disposal. The clarified effluent is discharged. A schematic diagram of an
activated sludge treatment system is shown in Figure 1.
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The recycled biomass is referred to as activated siudge. The term
"activated" is used because the biomass contains living and acclimated
micvroorganisms ihat metabolize and assimilate organic material at a higher rate
when returned to the aeration basin. This occurs because of the low
food-to-microorganism ratio in the sludge from the clarifier.

An important variation on the activated sludge process is the Powdered
Activated Carbon Treatment (PACT) process. This process offers a combined
treatment and pretreatment system in which noncompatible and toxic constituents
are adsorbed onto activated carbon, while microorganism-compatible waste remains
in solution. Powdered activated carbon is added directly to the aeration basin
of the activated sludge treatment system. Overall removal efficiency is improved
because compounds that are not readily biodegradable or that are toxic to the
microorganisms are adsorbed onto the surface of the powdered activated carbon.
The carbon is removed from the wastewater in the clarifier along with the
biological sludge. Usually, the activated carbon is recovered, regenerated, and
recycled. '

1.3.2 Aerated Lagoon

Like an activated sludge system, an aerated lagoon is a suspended-growth
process. The aerated lagoon system consists of a large pond or tank that is
equipped with mechanical aerators to maintain an aerobic environment and to
prevent settling of the suspended biomass. Initially, the population of
microorganisms in an aerated lagoon is much lower than that in an activated
sludge system because there is no sludge recycle. Therefore, a significantly
longer residence time is required to achieve the same effluent quality. However,
this longer residence time may be an advantage when complex organic chemicals are
to be degraded. Also, the microorganisms in aerated lagoons are more resistant
to process upsets caused by feed variations than those in activated sludge
systems because of the larger tank volumes and longer residence times used. The
effluent from the aerated lagoon may flow to a settling tank for removal of
suspended solids. Alternatively, the mechanical aerators in the system may be
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shut of f for a period of time to facilitate settling prior to discharge of the
effluent. . The settled solids are generally dewatered prior to disposal.

<
1.3.3 Trickling Filters

A trickling filter is an attached-growth biological treatment process. The
system consists of an equalization basin, a settling tank, a filter medium, an
influent wastewater distribution system, an under drain system, a clarifier, and
a recirculation line. The filter medium consists of a bed of an inert material
to which the microorganisms attach themselves and through which the wastewater
is percolated. Rocks or synthetic material such as plastic rings and saddles are
typically used as filter media. Following equalization and settling of
settleable solids in the wastewater, it is distributed over the top of the filter
medium by a rotating distribution arm or a fixed distributor system. The
wastewater forms a thin layer as it flows downward through the filter and over
the microorganism layer on the surface of the medium. As the distribution arm
rotates, the microorganism layer is alternately exposed to a flow of wastewater
and a flow of air. In the fixed distributor system, the wastewater flow is
cycled on and off at a specified dosing rate to ensure that an adequate supply
of oxygen is available to the microorganisms. Oxygen from air reaches the
microorganisms through the void spaces in the medium. Figure 2 is a diagram of
a trickling filter system.

- A trickling filter system is typically used as a roughing filter to reduce
the organic loading on a downstream activated sTudge process. Trickling filters
can be used for the treatment of wastewaters that could potentially produce
"bulking" sludge (1.e., a sludge with poor settling characteristics and poor
compactability in an activated sludge process) because the microbial solids that
slough off the trickling filter medium are relatively dense and can be readily
removed in a clarifier.

f:\dorument\15254031.01.003 6



WASTEWATER WASTE DISTRIBUTOR

NNNNNNNN

OOOOOOOOOOOOO
IIIIIIIIIII




1.3.4 Rotating Biolagical Contactor

A rotatigd‘biological contactor (RBC) consists of a series of closely
spaced, parallel disks that are rotated at an average rate of 2 to 5 revolutions
per minute while submerged to 40 percent of their diameters in a contact tank
containing wastewater. The disks are constructed of polystyrene, polyvinyl
chloride, or similar materials. Each disk is covered with a biological siime
that degrades dissolved organic constituents present in the wastewater. As the
disk is rotated out of the tank, it carries a film of the wastewater into the
air, where oxygen is available for aerobic biological decomposition. As excess
biomass is produced, it sloughs off the disk and is separated from the treated
effluent in a clarifier. The sloughing off process is similar to that which
occurs in a trickling filter. There is no recycle of sludges or recirculation
of treated effluent in an RBC process. Several RBCs are often operated in
series, with the effluent from the 1ast RBC being discharged. Biological solids
are usually dewatered prior to disposal. :

1.3.5 Anaerobic Biological Treatment

In anaerobic biological treatment, the influent sludge is settled and
equalized, then pumped to the anaerobic digester (Figure 3) along with an
alkaline adjustment additive. There may or may not be mechanical agitation of
the digester. After an adequate residence time to allow for proper digestion,
the dfgester contents are allowed to settle. The supernatant is pumped to an
aerobic treatment area (typically to an activated sludge unit), while the sludge
is taken to disposal areas or subjected to additional treatment, such as drying
or incineration. ’

1.4 Waste Characteristics Affecting Performance (WCAPs)

In determining whether biological treatment will achieve the same level of
performance on an untested waste that it achieved on a previously tested waste
and whether performance levels can be transferred, EPA examines the following
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waste characteristics: (a) the ratio of the biological oxygen demand to the
total organic carbon content, (b) the concentration of surfactants, and (c) the
concentration %f“toxic constituents and waste characteristics.

1.4.1 Ratio of Biological Oxygen Demand to Total Organic Carbon Content

Because organic constituents in the waste effectively serve as a food
supply for the microorganisms, it is necessary that a significant percentage be
biodegradable. If they. are not, it will be difficult for the microorganisms to
successfully acclimate to the waste and achieve effective treatment. The
percentage of biodegradable organics can be estimated by the ratio of the
biological oxygen demand (BOD) to the total organic carbon (TOC) content. Since
the biological oxygen demand is a measure of the amount of oxygen required for
complete microbial oxidation of biodegradable organics, the BOD analysis is
mostly relevant to aerobic biological treatment. (In anaerobic biological
treatment, BOD is one of the main restrictive characteristics in that 80D muéi
be relatively Tow or zero.) If the ratio of BOD to TOC in an untested waste i5
significantly lower than that in the tested waste, the system may not achieve the
same performance and other, more applicable technologies may need to be
considered for treatment of the untested waste.

1.4.2 Concentration of Surfactants

Surfactants can affect biological treatment performance by forming a film
on organic constituents, thereby establishing a barrier to effective
biodegradation. [f the concentration of surfactants in an untested waste is
significantly higher than that in the tested waste, the system may not achieve
the same performance and other, more applicable technologies may need to be
considered for treatment of the untested waste.
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1.4.3 Concentration of Toxic Constituents and Waste Characteristics

A number of constituents and waste characteristics have been identified as
potentially toxic to microorganisms. Specific toxic concentrations have not been
determined for most of these constituents and waste characteristics. The
constituents and waste characteristics found to be potentially toxic to
microorganisms include metals and oil and grease, ammonia, and phenols. High
concentrations of dissolved solids are treated more effectively by anaerobic
treatment than by aerobic treatment. If the concentration of toxic constituents
and waste characteristics in an untested waste is significantly higher than that
in the tested waste, the system may not achieve the same performance and other,
more applicable technologies may need to be considered for treatment of the
untested waste.

1.5 Design and Operating Parameters

In assessing the effectiveness of the design and operation of a biological
treatment system, EPA examines the following parameters: (a) the amount of
nutrients, (b) the concentration of dissolved oxygen, (c) the food-to-
microorganism ratio, (d) the pH, (e) the biological treatment temperature,
(f) the mean cell residence time, (g) the hydraulic loading rate, (h) the
settling time, and (i) the degree of mixing.

- For many hazardous organic constituents, analytical methods are not
available or the constituent cannot be analyzed in the waste matrix. Therefore,
it would normally be impossible to measure the effectiveness of the biological
treatment system. In these cases EPA tries to identify measurable parameters or
constituents that would act as surrogates in order to verify treatment.

For organic constituents, each compound contains a measurable amount of

total organic carbon (TOC). Removal of TOC in the biological treatment system
indicates removal of organic constituents. Hence, TOC analysis is likely to be
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an adequate surrogate analysis where the specific organic constituent cannot be
measured,

<
However, TOC analysis may not be able to adequately detect treatment of

specific organics in matrices that are heavily organic-laden (i.e., the TOC
analysis may not be sensitive enough to detect changes at the milligrams per
liter (mg/1) level in matrices where total organic concentrations are hundreds
or thousands of mg/1). In these cases other surrogate parameters should be
sought. For example, if a specific analyzable constituent is expected to be
treated as well as the unanalyzable constituent, the analyzable constituent
concentration should be monitored as a surrogate.

1.5.1 Amount of Nutrients

Nutrient addition is important in controlling the growth of microorganisms
because an insufficient amount of nutrients results in poor microbial growth wiﬁh
poor biodegradation of organic constituents. The principal inorganic nutrients
used are nitrogen and phosphorus. In addition, trace amounts of potassium,
calcium, sulfur, magnesium, iron, and manganese are also used for optimum
microbial growth. The percent distribution of nitrogen and phosphorus added to
microorganisms varies with the age of the organism and the particular
environmental conditions. The total amount of nutrients required depends on the
net mass of organisms produced.

’ EPA monitors the amount of nutrients added and their method of addition to
the wastewater to ensure that a sufficient supply is provided to achieve an
effective growth of microorganisms.

1.5.2 Concentration of Dissolved Oxygen
A sufficient concentration of dissolved oxygen (DO) is necessary to

metabolize and degrade dissalved organic constituents in aerobic treatment. The
DO concentration is controlled by adjusting the aeration rate. The aeration rate
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must be adequate to provide a sufficient D0 concentration to satisfy the 80D
requirements of the waste, as well as to provide adequate mixing to keep the
microbial popul@}ion in suspension (for activated sludge and aerated lagoon
processes). The reverse is true for anaerobic treatment, in that DO must be
absent for anaerobic treatment to occur. EPA monitors the DO concentrations
continuously, if possible, to ensure that the system is operating at the
appropriate design condition and to diagnose operational problems.

1.5.3 Food-to-Hiéroorganism Ratio

The food-to-microorganism (F/M) ratio, which applies only to activated
sludge systems, is a measure of the amount of biomass available to metabolize the
influent organic loading to the aeration unit. This ratio can be determined by
dividing the influent BOD concentration by the concentration of active biomass,
also referred to as the mixed liquor volatile suspended solids (MLVSS). The F/M
ratio is controlled by adjusting the wastewater feed rate or the sludge recycte
rate. If the F/M ratio is too high, too few microorganisms will be available to
degrade the organics. EPA periodically analyzes the influent BOD and the
aeration unit’s MLVSS concentrations to ensure that the system is operating at
the appropriate design condition.

1.5.4 pH

- Generally, neutral or slightly alkaline pH favors microorganism growth.
The optimum range for most microorganisms used in biological treatment systems
is between 6 and 8. Treatment effectiveness is generally insensitive to changes
within this range. However, pH values outside the range can lower treatment
performance. EPA monitors the pH continuously, if possible, to ensure that the
system is operating at the appropriate design condition and to diagnose
operational problems.
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1.5.5 Biological Treatment Temperature

Microbialigrowth can occur under a wide range of temperatures, although the
majority of the microbial species used in aerobic biological treatment processes
are active between 20 and 35°C (68 to 95°F). For anaerobic systems, the
temperature is typically between 30 and 70°C (86 to 158°F). The rate of
biochemical reactions in cells increases with temperature up to a maximum above
which the rate of activity declines and microorganisms either die off or become
less active. EPA monitors the biological treatment temperature continuously, if
possible, to ensure that the system is operating at the appropriate design
condition and to diagnose operational problems.

1.5.6 Mean Cell Residence Time

In activated sludge, aerated lagoon, and anaerobic digestion systems, the
mean cell residence time (MCRT) or sludge age is the length of time organisms are
retained in the unit before being drawn off as waste sludge. By controlling the
MCRT, the growth phase of the microbial population can be controlled. The MCRT
must be long enough to allow the organisms in the unit to reproduce. The MCRT
is determined by dividing the total active microbial mass in the unit (MLVSS) by
the total quantity of microbial mass withdrawn daily (wasted). EPA monitors the
MCRT to ensure that a sufficient number of microorganisms are present in the

unit.

-

1.5.7 Hydraulic Loading Rate

The hydraulic loading rate determines the length of time the organic
constituents are in contact with the microorganisms and, hence, the extent of
biodegradation that occurs. In trickling filters, the hydraulic loading rate
also determines the shear velocities on the microbial layer. Excessively high
hydraulic loading rates may wash away the microbial layer faster than it can grow
back. However, the hydraulic loading rate must be high enough to keep the
microbes moist and to remove dead or dying microbes that have lost their ability
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to cling to the filter media. For all aerobic biological treatment processes,
the hydraulic loading rate is controlled by adjusting the wastewater feed rate.
In addition, fog RBCs, the hydraulic Toading rate can be controlled by changing
the disk speed or adjusting the submersion depth. EPA monitors the wastewater
feed rates to ensure that the hydraulic loading provides sufficient time to
achieve an effective biodegradation of organic constituents in the wastewater.

1.5.8 Settling Time

Adequate settling time must be provided to separate the biological solids
from the mixed 1iquor. Activated sludge systems cannot function properly if the
solids cannot be effectively separated and a portion returned to the aeration
basin. EPA monitors the settling time to ensure effective solids removal.

1.5.9 Degree of Mixing

Mixing provides greater uniformity of the wastewater feed in the
equalization basin to reduce variations that may cause process upsets of the
microorganisms and diminish treatment efficiency. For activated sludge and
aerated lagoon systems, sufficient aeration in the aeration unit provides mixing
to ensure adequate contact between the microorganisms and the organic
constituents in the wastewater. The quantifiable degree of mixing is a complex
assessment that includes, among cther factors, the amount of energy supplied, the
length of time the material is mixed, and the related turbulence effects of the
specific size and shape of the mixing unit. The degree of mixing is beyond the
scope of simple measurement. EPA, however, evaluates the degree of mixing
quaiitatively by considering whether mixing is provided and whether the type of
mixing device is one that could be expected to achieve uniform mixing of the

wastewater,
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2. CHEMICAL OXIDATION

2.1 Appticability

Chemical oxidation is a treatment technology used to treat wastes
containing organics. It is also used to treat sulfide wastes by converting the
sulfide to sulfate. The destruction of cyanides in wastes is usually
accomplished by chemical oxidation. Chemical oxidation can also be used to
change the oxidation state of metallic compounds to valences that are less
soluble, such as converting arsenic in wastes to the relatively insoluble
pentavalent state.

Chemical oxidation is applicable to dissolved cyanides in aqueous
solutions, such as wastewaters from metal plating and finishing operations, or
to inorganic sludges from these operations that contain cyanide compounds. For
cyanides, chemical oxidation is most applicable to solutions containing less than
500 mg/1 of cyanides when the cyanides are in a form that can be easily
disassociated in water to yield free cyanide ions. If cyanides are present in
water as a tightly bound complex ion (e.g., ferrocyanide), only limited treatment
may occur. If the waste contains greater than 500 mg/1 of cyanide, but no more
than about 100,000 mg/1, electrolytic oxidation may be more appropriate. See
Section [.A.4.

- éhemica] oxidation may also be used for destruction of the organic
component of organometallic compounds in wastes, thus freeing the metal component
for treatment by chemical precipitation or stabilization. Organic compounds such
as EDTA, NTA, citric acid, glutaric acid, lactic acid, and tartrates are often
used as chelating agents to prevent metal ions from precipitating out in
electroless plating solutions. When these spent plating solutions require
treatment for metals removal by chemical precipitation, the organic chelating
agents must first be destroyed. Chemical oxidants, potassium permanganate in
particular, are effective in releasing metals from complexes with these organic

compounds.

f:\document\15254031.01 . 004 17



2.2 Underlying Principles of Operation

The basiQV ﬁrinciple of operation for chemical oxidation is that inorganic
cyanides, some dissolved organic compounds, and sulfides can be chemically
oxidized to yield carbon dioxide, water, salts, simple organic acids, and, in the
case of sulfides, sulfates. Metallic ions such as arsenites can be oxidized to
higher, less soluble valences such as arsenates. The principal chemical oxidants
used are hypochlorite, chlorine gas, chlorine dioxide, hydrogen peroxide, ozone,
and potassium permanganate. The reaction chemistry for each is discussed below.

2.2.1 Oxidation with Hypochlorite or Chlorine (Alkaline Chlorination)

This type of oxidation is carried out using sodium hypochlorite (NaOCl),
calcium hypochlorite (Ca(OC'I)Z), chlorine gas (C1,), or sometimes chlorine
dioxide gas (C10,). The reactions are normally conducted under slightly or
moderately alkaline conditions. Alkaline chlorination of cyanide is a two-stép
process usually operated at a pH of 10 to 11.5 for the first step and 8.5 for the
second step. The toxic gas cyanogen chloride (CNC1) is formed as a reaction
intermediate in the first step of this process and may be 1iberated if the pH is
less than 10 and incomplete reaction occurs. Example reactions for the oxidation
of cyanide, phenol, and sulfide using sodium hypochlorite are shown below:

Cyanide: CN + NaOC1 + OCN™ + NaC1 (Step 1)
20CN" + 3NaOC1 = CO,*" + €0, + N, + 3NaCl (Step 2)

Phenol: CH.OH + 14Na0Cl1 - 6CO, + 3H,0 + 14NaC]
Sulfide: S§° + 4NaOC1 - SO,° + 4NaCl
Arsenic: H,AsO, + NaOC1 - H,AsO, + Nall

Chlorine dioxide also oxidizes the same pollutants under identical
conditions. Chlorine dioxide first hydrolyzes to form a mixture of chlorous
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(HC10,) and chloric (HC10,) acids. These acids act as the oxidants, as shown in
the equations belgw, for phenol:

t
2€10, + H,0 = HC10, + HC10,
CeHOH + 7HC]0z - 6C0, + 3H,0 + 7HC1
3C6H50H + 14HC103 -+ 8C02 + 9H20 + 14HCI
2.2.2 Peroxide Oxidation

Peroxide oxidizes the same constituents that alkaline chlorination

oxidizes under similar conditions. The relevant reactions are the following:
Cyanide: 2CN° + 5H,0, - 2€0, + N, + 4H,0 + 20H"
Phenol:  C.HOH + 14H,0, = 6C0, + 17H,0

Sulfide: S" + 4H,0, - S0, + 4H,0

2.2.3 Oxidation with Ozone (0Ozonation)

Ozone is an effective oxidizing agent for the treatment of organic
compounds and for the oxidation of cyanide to cyanate. Cyanogen gas (CN,) is
d reaction intermediate in this reaction. Further oxidation of cyanate to carbon
dioxide and nitrogen compounds (N, or NH,) occurs slowly with ozone. The
oxidation of cyanide to-cyanate proceeds by the following reaction:

CN" +0,+ (NO" + 0,
The rates of ozonation reactions can be accelerated by supplying
ultraviolet (UV) radiation during treatment. Some 1iterature sources indicate

that even the cyanide complexes most difficult to treat, the iron-cyanide
complexes, can be oxidized completely.
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2.2.4 Oxidation with Potassium Permanganate

Potassium¢ermanganate can also be used to oxidize the same constituents
as the other chemical oxidants. The reactions of potassium permanganate with
phenol and sulfide at acidic pHs and with cyanide at pH 12 to 14 are as follows:

Phenol:  3C,H.OH + 28KMn0, + 28H" - 18C0, + 28MnQ, + 23H,0 + 28K"
Sulfide: 5S° + 8KMnO, + 284" - 550, + 8Mn'? + 1240 + 8K*

Cyanide: CN™ + 2KMnO, + Ca(OH), = CNO™ + KMnO, + CaMn0, + H,0
In cyanide oxidation using potassium permanganate, cyanide is oxidized only to
cyanate. Further oxidation of cyanate can be accomplished by acid hydrolysis or

by the use qf another oxidizing agent.

2.2.5 S0,/Air Oxidation

Cyanide can be oxidized to cyanate in an aqueous solution by bubbling air
containing from 1 to 10 percent S0, through the waste. The SO, is also oxidized
to sulfate in this reaction. This treatment process occurs by the following

reaction:

) (N + 50, + 0, + H,0 -+ CNO™ + H,SO,

This oxidation reaction requires the use of a soluble copper salt catalyst.
Copper sulfate (CuSO,) is most often used. S0,/air oxidation is used frequently
in the treatment of wastewaters from gold production, which contain both cyanide
and thiocyanate, because Sor/air oxidizes cyanide more strongly than thiocyanate
while alkaline chlorination and other common oxidizing agents oxidize thiocyanate
more strongly than cyanide. As with potassium permanganate, further oxidation
of cyanate can be accomplished by acid hydrolysis or by the use of another

oxidizing agent.
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2.3 Description of Chemical Oxidation Processes

2.3.1 A]kqﬂ}ne Chlorination

Alkaline chlorination can be accomplished by either batch or continuous
processes. For batch treatment, the wastewater is transferred to a reaction
tark, where the pH is adjusted and the oxidizing agent is added. In some cases,
the tank may be heated to increase the reaction rate. For oxidation of most
compounds, a slightly to moderately alkaline pH is used. It is important that
the tank be well mixed for effective treatment to occur. After treatment, the
wastewater is either directly discharged or transferred to another process for

further treatment.

In the continuous process, automatic instrumentation is used to control pH,
reagent addition, and temperature. An oxidation-reduction potential (ORP) sensar
is usually used to measure the extent of reaction. :

-

In both types of processes, agitation is typically provided to maintain
thorough mixing. Typical residence times for these and other oxidation processes
range from 1 to 2 hours.

2.3.2 Peroxide Oxidation

- The peroxide oxtdatton process is run under similar conditions, and with
similar equipment, to those used in the alkaline chlorination process. Hydrogen
peroxide is added as a ]Jiquid solution.

2.3.3 Ozonation

Ozonation can be conducted in a batch or continuous process. The ozone for
treatment is produced onsite because of the hazards of transporting and storing
ozone as well as its short shelf 1ife. The ozone gas is supplied to the reaction
vessels by injection into the wastewater. The batch process uses a single
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reaction tank. As with alkaline chlorination, the amount of ozone added and the
reaction time used are determined by the type and concentration of the oxidizable
contaminants, amd vigorous mixing should be provided for complete oxidation.

In continuous operation, two separate tanks may be used for reaction. The
first tank receives an excess dosage of ozone. Any excess ozone remaining at the
outlet of the second tank is recycled to the first tank, thus ensuring that an
excess of ozone 1is maintained and also that no ozone is released to the
atmosphere. As with alkaline chlorination, an ORP control system is usually
necessary to ensure that sufficient ozone is being added.

2.3.4 Permanganate Oxidation

Permanganate oxidation is conducted in tanks in a manner similar to that
used for alkaline chlorination, as discussed previously. Potassium permanganate
is normally dissolved in an auxiliary tank and added as a solution. As with thfe
other oxidizing agents, ORP (for continuous processes) and excess oxidizing agedt
(for batch processes) are monitored to measure the extent of reaction.

2.3.5 50,/Air Oxidation

Soz/air oxidation of cyanide depends on efficient mixing of air with the
waste to ensure an adequate supply of oxygen. Because of this factor, the
equipn;ent requirements for this process are similar to those for ozonation. 50,
Is sometimes supplied with the air by using flue gas containing S0, as the air
source. Otherwise, sulfur in the +4 oxidation state can be fed as gaseous
sul fur dioxide (S0,), liquid sulfurous acid (H,50,), sodium sulfite (Na,s0,)
solution, or sodfum bisulfite (NaHS0,) solution. Sodium bisulfite solution, made
by dissolving sodium metabisulfite (Na,5,0.) in water, is the most frequently
used source of S0,. This process is usually run continously, with the addition
of oxidizing agent and acid/alkali being controlled through continuous monitoring
of ORP and pH, respectively.
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2.4 Waste Characteristics Affecting Performance (WCAPs)

In determining whether chemical oxidatien will achieve the same level of
performance on an untested waste that it achieved on a previously tested waste
and whether performance levels can be transferred, EPA examines the following
waste characteristics: (a) the concentration of other oxidizable contaminants
and (b) the concentration of metal salts.

2.4.1 Concentration of Other Oxidizable Compounds

The presence of other oxidizable compounds in addition to the constituents
of concern will increase the demand for oxidizing agents and, hence, potentially
reduce the effectiveness of the treatment process. As a surrogate for the amount
of oxidizable organics present, EPA analyzes for total organic carbon (TOC) in
the waste. _Inorganic reducing compounds such as sulfide may also create a demand
for additional oxidizing agent; EPA also attempts to identify and analyze far
these constituents. If TOC and/or inorganic reducing compound concentrations n
the untested waste are significantly higher than those in the tested waste, the
system may not achieve the same performance. Additional oxidizing agent may be
required to effectively oxidize the waste and achieve the same treatment
performance, or other, more applicable treatment technologies may need to be
considered for treatment of the untested waste.

2.4.2 Concentration of Metal Salts

Metal salts, especially lead and silver salts, will react with the
oxidizing agent(s) to form metal peroxides, chlorides, hypochlorites, and/or
chlorates. These reactions can cause an excessive consumption of oxidizing
agents and potentially interfere with the effectiveness of treatment.

An additional problem with metals in cyanide solutions is that

metal-cyanide complexes are sometimes formed. These complexes are negatively
charged metal-cyanide ions that are extremely soluble. Cyanide in the complexed
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form may not be oxidizable, depending on the strength of the metal-cyanide bond
in the complex and the type of oxidizing agent used. Iron complexes (for
example, the feffrocyanide jon, Fe(CN)G“) are the most stable of the complexed
cyanides.

If the concentrations of metal salts and/or metal-cyanide complexes in the
untested waste are significantly higher than those in the tested waste, the
system may not achieve the same performance. Additional oxidizing agent and/or
a different oxidizing agent may be required to effectively oxidize the waste and
achieve the same treatment performance, or other, more applicable treatment
technologies may need to be considered for treatment of the untested waste.

2.5 Design and Operating Parameters

In assessing the effectiveness of the design and operation of a chemical
oxidation system, EPA examines the following parameters: (a) the residence timé,
(b) the amount and type of oxidizing agent, (c) the degree of mixing, (d) the pH,
(e) the oxidation temperature, and (f) the amount and type of catalyst.

For many hazardous organic constituents, analytical methods are not
available or the constituent cannot be analyzed in the waste matrix. Therefore,
it would normally be impossible to measure the effectiveness of the chemical
oxidation treatment system. In these cases EPA tries to identify measurable
paramefers or constituents that would act as surrogates to verify treatment.

For organic constituents, each compound contains a measurable amount of
total organic carbon {T0C). Removal of TOC in the chemical oxidation treatment
system will indicate removal of organic constituents. Hence, TOC analysis is
likely to be an adequate surrogate analysis where the specific organic
constituent cannot be measured.

However, TOC analysis may not be able to adequately detect treatment of
specific organics in matrices that are heavily organic-laden (i.e., the TOC
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analysis may not be sensitive enough to detect changes at the milligrams/liter
(mg/1) lewel in matrices where total organic concentrations are hundreds or
thousands of mg/d). In these cases other surrogate parameters should be sought.
For example, if a specific analyzable constituent is expected to be treated as
well as the unanalyzable constituent, the analyzable constituent concentration
should be monitored as a surrogate.

2.5.1 Residence Time

The residence time impacts the extent of volatilization of waste
contaminants. For a batch system, the residence time is controlled by adjusting
the treatment time in the reaction tank. for a continuous system, the waste feed
rate is controlled to make sure that the system is operated at the appropriate
design residence time. EPA monitors the residence time to ensure that sufficient
time is provided to effectively oxidize the waste.

- 2.5.2 Amount and Type of Oxidizing Agent

Several factors influence the choice of oxidizing agents and the amount to
be added. The amount of oxidizing agent required to treat a given amount of
oxidizable cunstituent(s) will vary with the agent chosen. Enough oxidant must
be added to ensure complete oxidation; the specific amount depends on the type
of oxidizable compounds in the waste and the chemistry of the oxidation
reactions. Theoretically, the amount of oxidizing agent to be added can be
computed from oxidation reaction stoichiometry; in practice, an excess of oxidant
should be used. Testing for excess oxidizing agent will determine whether the
reaction has reached completion. In continuous processes, oxidizing agent is
added by automated feed methods. The amount of oxidizing agent needed is usually
measured and controlled automatically by an oxidation-reduction potential (ORP)
sensor. EPA examines the amount of oxidant added to the chemical oxidation
system to ensure that it is sufficient to effectively oxidize the waste and, for
continuous processes, examines how the facility ensures that the particular
addition rate is maintained. EPA also tests for excess oxidizing agent for batch
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processes and continuously monitors the ORP for continuous processes to ensure
that excess oxidizing agent, if possible, is supplied.

t.
2.5.3 Degree of Mixing

Process tanks must be equipped with mixers to ensure maximum contact
between the oxidizing agent and the waste solutiaon. Proper mixing also limits
the production of any solid precipitates from side reactions that may resist
oxidation. Mixing also provides an even distribution of tank contents and a
homogeneous pH throughout the waste, improving oxidation of wastewater
constituents. The quantifiable degree of mixing is a caomplex assessment that
includes, among other factors, the amount of energy supplied, the length of time
the material is mixed, and the related turbulence effects of the specific size
and shape of the tank. This is beyond the scope of simple measurement. EPA,
however, evaluates the degree of mixing qualitatively by considering whether
mixing is provided and whether the type of mixing device is one that could be
expected to achieve uniform mixing of the waste salution. g

2.5.4 pH

Operation at the optimal pH maximizes the chemical oxidation reactions and
may, depending on the oxidizing agent being used, limit the formation of
undesirable reaction byproducts or the escape of cyanide from solution as HCN,
CNCT, or C,N, gas. The pH is controlled by the addition of caustic, lime, or
acid to the solution. In most cases, a slightly or moderately alkaline pH is
used, depending on the type of oxidizing agent being used and the compound being
treated (see Section 2.2, Underlying Principles of Operation). In alkaline
chlorination treatment of organics, a slightly acidic pH may be selected as an
optimum. In permanganate oxidation, a pH of 2 to 4 is often selected. EPA
monitors the pH continuously, if possible, to ensure that the system is operating
at the appropriate design condition and to diagnose operational problems.
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2.5.5 Oxidation Temperature

Temperatuyre affects the rate of reaction and the solubility of the
oxidizing agent in the waste. As the temperature is increased, the solubility
of the oxidizing agent, in most instances, is increased and the required
residence time, in most cases, is reduced. EPA monitors the oxidation
temperature continuously, if possible, to ensure that the system is operating at
the appropriate design condition and to diagnose operational problems.

2.5.6 Amount and Type of Catalyst

Adding a catalyst that promotes oxygen transfer and thus enhances oxidation
has the effect of lowering the necessary reactor temperature and/or improving the
level of destruction of oxidizable compounds. For waste constituents that are
more difficult to oxidize, catalyst addition may be necessary to effectively
destroy the constituent(s) of concern. Catalysts typically used for this purpo's."e
include copper bromide and copper nitrate. I[f a catalyst is required, EPA
examines the amount and type added, as well as the method of addition of the
catalyst to the waste, to ensure that effective oxidation is achieved.
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3. CHEMICAL REDUCTION

3.1 Appiicability

Chemical reduction is a treatment technology used to reduce hexavalent
chromium and selenate ions to the less soluble trivalent chromium ion and
elemental selenium, respectively. It is also used to treat oxidizing wastes
containing reducible organics and inorganic oxidizers such as calcium
hypochlorite, hydrogen peroxide (and other peroxides), and nitric acid. Because
this technology frequently requires that the pH be in the acidic range, it would
not normally be applicable to wastes that contain significant amounts of cyanide
or sulfide. In such wastes, lowering of the pH can result in the release of
toxic gases such as hydrogen cyanide or hydrogen sulfide.

Hexavalent chromium is usually present in wastes from the plating industry,
metal surface preparation processes, the chromium pioments industry, and 1eathé?
tanning processes. Selenates are frequently found in some mining and ore
processing wastes. Organic and inorganic oxidizers are found in propellant
explosives and in the chemical manufacturing industries.

3.2 Underlying Principles of Operation

The basic principle of chemical reduction is to reduce the valence of the
oxidizer in solution. "Reducing agents® used to effect the reduction include the
sulfur compounds sodium sulfite (Na,S0,), sodium bisulfite (NaHSOQ,), sodium
metabisulfite (Na,S,0;),. sulfur dicxide (S0,), and sodium hydrosulfide (NahS).
The ferrous form of iron (Fe®) is a popular reducing agent in many cases.
Elemental magnesium (Mg), zinc (Zn), and copper (Cu) are also effective reducing
agents. Frequently, hydrazine (N,H,) is used as a reducing agent also. Typical
reduction reactions are as follows: '
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H,0, + 2H +  2Fe? 2HO0 +  2Fe”

Hydrogen Perqfide Ferrous iron Ferric Iron
t.
4In + NGO, + I0H" = 4Zn? + NH + 3HQ
Metallic Zinc Nitrate lon Zinc lon  Ammonium Ion

Hy(Cr™®),0, + 3Na,S0; + 3H,50, = (Cr*),(S0,), + 3Na,50, + 4H,0

Chromic Acid Sodium Sulfuric Chromium Sodium
Sulfite Acid Sulfate Sulfate

HSe0, + 250, = 250, + HO+ Se

Selenic Acid Sulfite [on Sulfate Ion Elemental Selenium
These reactions are usually accomplished at pH values from 2 to 3.

3.3 ‘Description of Chemical Reduction Process

3
r

The chemical reduction treatment process can be operated in a batch or
continuous mode. A batch system consists of a reaction tank, a mixer to
homogenize the contents of the tank, a supply of reducing agent, and a source of
acid and base for pH control. A continuous chemical reduction treatment system,
as shown in Figure 4, usually includes a holding tank upstream of the reaction
tank for flow and concentration equalization. It also typically includes
instrumentation to automatically control the amount of reducing agent added and
the pH of the reaction tank. The amount of reducing agent is controlled by the
use of a sensor called an oxidation-reduction potential (ORP) cell. The ORP
sensor electronically heasures, in millivolts, the 1level to which the
oxidation/reduction (redox) reaction has proceeded at Figure 4 any given time.
It must be noted, however, that the ORP reading is very pH dependent.
Consequently, if the pH is not maintained at a steady value, the ORP will vary
somewhat, regardless of the level of chemical reduction.
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When chemical reduction is used for treating hexavalent chromium, the
trivalent chromium that is formed is either reused or further treated by
stabilization amd land disposed. Likewise, for selenium reduction, the
precipitated efémenta] selenium may be recovered or stabilized and disposed of.

3.4 Waste Characteristics Affecting Performance (WCAPs)

In determining whether chemical reduction will achieve the same level of
performance on an untested waste that it achieved on a previously tested waste,
and whether performance levels can be transferred, EPA examines the following
waste characteristics: (a) the concentration of other reducible compounds and
(b) the concentration of oil and grease.

3.4.1 Concentration of Other Reducible Compounds

The presence of other reducible compounds (also called oxidizers) fn
addition to the BDAT list constituents of concern will increase the demand of
reducing agents, thereby potentially reducing the effectiveness of the treatment
process. As a surrogate for the amount of organic oxidizers present in the
waste, EPA might analyze for total organic carbon (TOC) in the waste. Inorganic
oxidizing compounds such as ionized metals (e.g., silver, selenium, copper,
mercury) may also create a demand for additional reducing agent. EPA might
attempt to identify and analyze for these metal constituents. If TOC or
inorganic oxidizer concentration in the untested waste is significantly higher
than that in previously tested wastes, the system may not achieve the same
performance as that achieved previously. Additional reducing agent may be
required to effectively reduce the untested waste and achieve the same treatment
performance, or other, more applicable treatment technologies may need to be
considered for treatment of the untested waste.
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3.4.2 Concentration of 0i1 and Grease

EPA belieyes that oil and grease compounds could cause monitoring problems
because of fouliﬁg of instrumentation (e.g., electrodes for pH and ORP sensors).
If the concentration of oil and grease in an untested waste is significantly
higher than that in a tested waste, the untested system may not achieve the same
performance.  Therefore, other, more applicable treatment or pretreatment
technologies may need to be considered for treatment of the uniestea waste.

3.5 Design and Operating Parameters

In assessing the effectiveness of the design and operation of a chemical
reduction system, EPA examines the following parameters: (a) the residence time,
(b) the amount and type of reducing agent, (c) the degree of mixing, (d) the pH,
and (e) the reduction temperature.

For many hazardous organic constituents, analytical methods are net
available or the constituent cannot be analyzed in the waste matrix. Therefore,
it would normally be impossible to measure the effectiveness of the chemical
reduction treatment system. In these cases EPA tries to identify measurable
parameters or constituents that would act as surrogates to verify treatment.

For organic constituents, each compound contains a measurable amount of
total organic carbon (TOC). Removal of TOC in the chemical reduction treatment
system indicates removal of organic constituents. Hence, TOC analysis is likely
to be an adequate surrogate analysis where the specific organic constituent
cannot be measured.

However, TOC analysis may not be able to adequately detect treatment of
specific organics in matrices that are heavily organic-laden (i.e., the TOC
analysis may not be sensitive enough to detect changes at the milligrams per
liter (mg/1) level in matrices where total organic concentrations are hundreds
or thousands of mg/1). In these cases other surrogate parameters should be
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sought. For example, if a specific analyzable constituent is expected to be
treated as well as the unanalyzable constituent, the analyzable constituent
concentration skould be monitored as a surrogate.

3.5.1 Residence Time

The residence time affects the extent of reaction of waste contaminants
with reducing agents. For a batch system, the residence time is controlled by
adjustment of the treatment time in the reaction tank. For a continuous system,
the waste feed rate is controlled to make sure that the system is operated at the
appropriate design residence time. EPA monitors the residence time to ensure
that sufficient time is provided to effectively reduce the waste.

3.5.2 Amount and Type of Reducing Agent

Several factors influence the choice of reducing agents and the amount to
be added. The amount of reducing agent required to treat a given amount of
reducible constituent will vary with the agent chosen. Enough reducing agent
must be added to ensure complete reduction; the specific amount will depend on
the type of reducible compounds in the waste and the chemistry of the reduction
reactions. Theoretically, the amount of reducing agent to be added can be
computed from reduction reaction stoichiometry. In practice, however, an excess
of reducing agent should be used. Testing for excess reducing agent, if
possible, will determine whether the reaction has reached completion.

In continuous processes, the addition of reducing agent is usually
accomplished by automated feed methods. The amount of reducing agent needed is
usually metered and controlled automatically by an oxidation-reduction potential
(ORP) sensor. EPA examines the amount of reduction agent added to the chemical
reduction system to ensure that it is sufficient to effectively reduce the waste
and, for continuous processes, examines how the facility ensures that the
particular addition rate is maintained. EPA may also test for excess reducing
agent in the system effluent. For continuous processes, EPA monitors the ORP to
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ensure that enough reducing agent is supplied. EPA may also monitor pH to
determine‘ whether_ it is controlled to the appropriate optimum range. For
continuous systems, pH is monitored to ensure that it is kept steady to avoid
changes in ORP caused by pH variations.

3.5.3 Degree of Mixing

Process tanks must be equipped with mixers to ensure maximum contact
between the reducing agent and the waste oxidizing solution. Proper mixing also
homogenizes any solid precipitates that may be present, or that may form from
side reactions, so that they can also be reduced if necessary. Mixing provides
an even distribution of tank contents and a homogeneous pH throughout the waste,
improving reduction of wastewater constituents. The quantifiable degree of
mixing is a complex assessment that includes, among other factors, the amount of
energy supplied, the length of time the material is mixed, and the related
turbulence effects of the specific size and shape of the tank. This is beyon&
the scope of simple measurement. EPA, however, evaluates the degree of mixing
qualitatively, using engineering judgment, by considerirj *hether mixing is
provided and whether the type of mixing device is one that could be expected to
achieve uniform mixing of the waste solution.

3.5.4 pH

- For batch and continuous systems, the pH affects the reduction reaction.
The reaction speed is usually significantly reduced at higher pH values
(typically above 4.0).. It is worth noting that some reduction reactions may
proceed better under alkaline conditions, in which case pH must be properly
controlled to the appropriate alkaline range. For a batch system, the pH can be
monitored intermittently during treatment. For a continuous system, the pH must
be continuously monitored because it affects the ORP reading. EPA monitors the
pH to ensure that the system is oporating at the appropriate design condition and
to diagnose operational problenms.
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3.5.5 Reduction Temperature

Teﬁperat%rE' affects the rate of reaction and the solubility of the
reactants in the waste. As the temperature is increased, the solubility of the
reactants, in most instances, is increased and the required residence time, in
most cases, is reduced. EPA may monitor the reduction temperature to ensure that

the system is operating at the appropriate design condition and to diagnose
operational problems.
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4. ELECTROLYTIC OXIDATION OF CYANIDE
4.1 Applicability

Electrolytic oxidation is a treatment technology with demonstrated
applicability to the treatment of wastes containing high concentrations of
cyanide in solution. Because of excessive retention time requirements, the
process is often applied as preliminary treatment for highly concentrated cyanide
wastes, prior to more conventional chemical cyanide oxidation.

This treatment technology is used in industry for the destruction of
cyanide in (a) concentrated spent plating solutions and stripping solutions,
(b) spent heat treating baths, (c) alkaline descalers, and (d) metal passivating
(rust-inhibiting) solutions. Electrolytic oxidation has been demonstrated
successfully for treatment of wastes containing concentrations of cyanide up to
100,000 mg/1. However, for concentrations of cyanide lower than 500 mg/i,
chemicai oxidation treatment may be more efficient (see Section [.A.2).

4.2 Underlying Principles of Operation

The basic principle of operation for electrolytic oxidation of cyanide is
that concentrated cyanide waste subject to an electrolytic reaction with
dissolved oxygen in an aqueous solution is broken down to the gaseous products
carbon dioxide (CO,), nitrogen (N,), and ammonia (NH,}. The process is conducted
at elevated temperatures for periods rarying from several hours to over a week,
depending on the initial cyanide concentration and the desired final cyanide
concentration. The theoretical destruction process that takes place at the
anodes is described by the following reaction:

Electricity )
2N+ 20, , 200, + N, + 2e
cyanide oxygen carbon nitrogen electrons

ion dioxide
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The effectiveness of electrolytic oxidation is dependent on the
conductiyity of the waste, which is a function of several waste characteristics
including the edﬁcentration of cyanide and other ions in solution. As the
process continues, the waste becomes less capable of conducting electricity as
the cyanide concentration is reduced, causing the electrolytic reaction to be
much less efficient at longer retention times.

4.3 Description of Electrolytic Oxidation Process

Typically, electrolytic destruction of cyanide takes place in a closed
cell. This cell consists of two electrodes suspended in an aqueous solution,
with direct current (DC) electricity supplied to drive the reaction to
completion. The temperature of the bath containing the cyanide waste is
maintained at or above 52°C (125°F). Sodium chloride may be added to the
solution as an electrolyte (conductor) to increase the conductivity of the waste
being treated. Since the reaction may take days or weeks, water is usually add?d
to the tank periodically to make up for losses due to evaporation from the heated
tank. This is necessary to ensure that the electrodes remain fully submerged so
that a full flow of current is maintained in the solution during treatment.
Following treatment, the treated waste is usually further treated” in a
conventional chemical oxidation system to destroy residual cyanides.

4.4 Waste Characteristics Affecting Performance (WCAPs)

In determining whether electrolytic oxidation will achieve the same level
of performance on an untested waste that it achieved a previously tested waste
and whether performance levels can be transferred, EPA examines the following
waste characteristics: (a) the concentration of other oxidizable materials and
(b) the concentration of reducible metals.
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4.4.1 Concentration of Other Oxidizable Materials

The presence of oxidizable organics (such as oil and grease and
surfactants) and the presence of inorganic ionic species in a reduced state (such
as trivalent chromium or sulfide) may increase the treatment time required to
achieve destruction of cyanide because these materials may be oxidized
preferentially to the cyanide in solution. If concentrations of other oxidizable
materials are significantly higher in the untested waste than in the tested
waste, the system may not achieve the same performance. Longer reaction time may
be required to oxidize cyanide and achieve the same treatment performance, or
other, more applicable treatment technologies may need to be considered for
treatment of the untested waste.

4.4.2 Concentration of Reducible Metals

The electrolytic process may cause some of the more easily reduced metals
in the waste, such as copper, to plate out onto the cathode as the pure metal.
The plating of metals onto the cathode may result in changes in current density
and, hence, may change the rate of cyanide oxidation. If the concentration of
reducible metals in the untested waste is significantly higher than that in the
tested waste, the system may not achieve the same performance and other, more
applicable treatment technologies may need to be considered for treatment of the
untested waste.

4.5 Design_and Operating Parameters

In assessing the effectiveness of the design and operation of an
electrolytic cxidation system, EPA examines the following parameters: (a) the
oxidation temperature, (b) the residence time, (c) the pH, (d) the electrical
conductivity, (e) the electrode spacing and surface area, and (f) the degree of
mixing.
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4.,5.1 Oxidation Temperature

For the electrolytic process, elevated temperatures are used. Normal
temperatures range from 52 to 93°C (125 to 200°F). The temperature can be raised
by increasing the flow of steam to the coils or Jacket supplying heat to the
reactor contents. EPA monitors the oxidation temperature to ensure that the
system is operating at the appropriate design condition and to diagnose:
operational problems.

4.5.2 Residence Time

Electrolytic oxidation is usually a batch process. The time allowed to
complete the reaction is an important factor in electrolysis and is dependent on
the initial concentration of the waste and the desired final cyanide
concentration. The rate of cyanide destruction decreases as the cyanide
concentration decreases (i.e., the rate of cyanide destruction asymptoticai]y
approaches zero). Typical residence times range from periods of several hours
to more than a week. EPA observes the residence time to ensure that sufficient
time is provided to effectively destroy the cyanides in the wastes.

4.5.3 pH

. Typical solutions for electrolytic oxidation have a pH ranging from 11.5

“to 12.0. The pH must be maintained in the alkaline range to prevent liberation

of toxic hydrogen cyanide. Typically, pH is controlled by the addition of

caustic or lime. EPA-monitors the pH to ensure that the treatment system is

operating at the appropriate design condition and to diagnose operational
problems.

4.5.4 Electrical Conductivity

The solution must have an electrical conductivity high enough to allow the
reaction to proceed at an acceptable rate. If the conductivity is not high
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enough, it can be improved by adding an electrolyte such as sodium chloride. The
conductivity of_the waste during the reaction is normally determined by
monitoring botif-the current and voltage of the cell. EPA monitors the electrical
conductivity to ensure that the treatment system is operating at the appropriate
design condition.

4,5.5 Electrode Spacing and Surface Area

The spacing and surface area of the electrodes directly impact the current
flowing through the waste. The reaction rate is increased by both closer
electrode spacing and more electrode surface area because each increases the
current density in the cell. EPA observes the electrode spacing and surface area
to ensure that sufficient current density is provided to effectively destroy the
cyanides in the waste.

4.5.6 Degree of Mixing

Electrolytic destruction of cyanides requires good mixing in the reaction
vessel. Mixing helps ensure an adequate supply of oxygen (from the air) for the
electrochemical reaction (see Section 4.2, Underlying Principles of Operation),
enhances mass transfer to promote the oxid;tion reaction, and keeps suspended
solids in suspension. Mixing may be provided by the bubbling of air from the
bottom of the reactor, or an external source of mixing may be provided. The

“quantifiable degree of mixing is a complex assessment that includes, among other

factors, the amount of energy supplied, the length of time the material is mixed,
and the related turbulence effects of the size and shape of the reaction vessel
used. The degree of mixing is beyond the scope of simple measurement. EPA,
however, evaluates the degree of mixing qualitatively by considering whether
mixing is provided and whether the type of mixing device is one that could be
expected to achieve uniform mixing of the waste.
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5. INCINERATION

5.1 Appiicability

Incineration is a treatment technology applicable to the treatment of
wastes containing a wide range of organic concentrations and low concentrations
of water, metals, and other inorganics. The four most common incineration
systems are liquid injection, rotary kiln, fluidized bed, and fixed hearth.

Liquid injection incineration is applicable to wastes having sufficiently
low viscosity values (less than 750 saybolt universal seconds (Sus) such that the
waste can be atomized in the combustion chamber. However, viscosity is
temperature dependent so that while 1iquid injection may not be applicable to a
waste at ambient conditions, it may become applicable when the waste is heated.
In addition, the number of waste particles and the concentration of suspended
solids need to be sufficiently low to avoid clogging of the burner nozzle (dr
atomizer openings). :

Rotary kiln, fluidized bed, and fixed hearth incineration are applicable
to wastes having a wide range of viscosity, particle size, and suspended solids

concentration.

Incineration of highly explosive constituents may require treatment in
units 'that are specially designed and fitted with certain explosion-proof
equipment. Incinerators for corrosive waste should be equipped, if necessary,
with pollution control devices to remove corrosive gases that may be generated
from the burning of corrosive waste. The incineration of hazardous waste must
be performed in accordance with the incinerator design and emissions regulations
in 40 CFR 264, Subpart O.
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8.2 Underlying Principles of Operation

The basic- principle of operation for incineration is the thermal
decomposition bf organic constituents via cracking and oxidation reactions at
high temperatures (usually between 760 and 1550°C (1400 and 3000°F) to convert
them into carbon dioxide and water vapor along with nitrite oxides, nitrates, and
ammonia (for nitrogen-containing wastes); sulfur oxides and suifate (for sulfur-
containing wastes); or halogen acids (for halogenated wastes).

In 1iquid injection incineration the organic constituents in the waste are
volatilized and the chemical bonds are destabilized. Once the chemical bonds are
broken, these constituents react with oxygen to form carbon dioxide, water vapor,
and other aforementioned compounds.

In rotary kiln and fixed hearth incineration, two chambers are involved in
the incineration process. In the primary chamber, the organic constituents- in
the waste are volatilized. During this volatilization process, some of the
organic constituents oxidize to form carbon dioxide and water vapor. In the
secondary chamber, the chemical bonds are destabilized, resulting in the organic
constituents reacting with oxygen to form carbon dioxide, water vapor, and other
aforementioned compounds.

In fluidized bed incineration, a single chamber contains the fluidizing
sand and a freeboard section above the sand. The fluidized bed aids in the
volatilization and combustion of the organic waste constituents. The sand in the
bed provides a sufficient heat capacity to volatilize organic constituents. The
forced air used to fluidize the bed provides sufficient oxygen and turbulence to
enhance the reactions of organics with oxygen to form carbon dioxide, water
vapor, and other aforement ioned compounds. Additional time for conversion of the
organic constituents is provided by the freeboard above the fluidized bed.
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5.3 Description of Incineration Processes

The physidal form of the waste determines the appropriate feed method into
the incineraticn system. Liquids are pumped into the combustion chamber through
nozzles or via specially designed atomizing burners. Wastes containing suspended
particles may need to be screened to aveid clogging of small nozzle or atomizer
openings. Sludges and slurries are fed using positive displacement pumps and
water-cooled injection ports. Bulk solid wastes may require shredding for
control of particle size. Wastes may be fed to the combustion chamber via rams,
gravity feed, air lock feeders, vibratory or screw feeders, or belt feeders.
Containerized waste is gravity-fed or ram-fed.

Although sustained combustion is possible with waste heat content as low
as 2230 kcal/kg (4010 Btu/1b), wastes are typically blended to a net heat content
of 4450 kcal/kg (8000 Btu/1b) or higher or auxiliary fuel is used in the
combustion chambers to raise the heat content to a level sufficient to sustain
the combustion process.

Following incineration of wastes, fly ash particulates, acid gases (halogen
acids), and other gaseous pollutants (nitric oxides (NO,) and sulfur oxides
(S0,)) are further treated in an air pollution control system. Particulate
emissions from most waste combustion systems generally have particle diameters
less than 1 micron and require high-efficiency coliection systems to minimize air
emissions. The most common air pollution control system used includes a quench
(for gas cooling and conditioning), followed by a high-energy venturi scrubber*
(for particulate and acid gas removal), a packed bed or plate tower absorber (for
acid gas removal), and a demister (for vapor mist plume elimination).

Packed bed or plate tower scrubbers are commonly used without venturi
scrubbers in the air pollution control systems at liquid injection incinerator

*A venturi is a short tube or duct with a tapering constriction that causes an
increase in the velocity of fluid flow and a corresponding decrease in pressure.
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facilities, where absorption of gasecus pcllutants is more important than
particulate control. (Wastes burned in liquid injection incinerators typically
have a low ash {:o-ntent and, hence, generate a low level of fly ash particulates.)

Some liquid injection incinerator facilities do not employ any air
pollution control system because the wastes burned contain low levels of both ash
and halogen content, thereby generating low (i.e., untreatable) levels of fly ash
particulates and acid gases.

Many air pollution control system designs in recent years have begun to
incorporate waste heat boilers as a substitute for gas quenching as a means of
energy recovery. Wet electrostatic precipitators (ESP), ionizing wet scrubbers
(IWS), and fabric filters are also being incorporated into newer systems because
these devices have high removal efficiencies for small particles and a lower
pressure drop than that of venturi scrubbers.

The inorganic constituents of wastes (noncombustible ash) are not destroyed
by incineration. These materials, depending on their composition, exit the
incinerator as either bottom ash from the combustion chamber or fly ash
particulates suspended in the combustion gas stream. Bottom ash is typically
either air-cooled or quenched with water following discharqe from the combustion
chamber.  This waste is then stabilized (if levels of Tleachablie metal
constituents of concern are found) and/or land disposed.

Fly ash particulates, as well as acid gases and other gaseous pollutants,
are entrained in the scrubber waters of the air pollution control system and
collected in the sumps of recirculation tanks. Here the acids are neutralized
with caustic and much of the water is returned te the air pollution control
system. Eventually, a portion or all of these scrubber waters are discharged for
treatment and disposal when the total dissolved solids level becomes excessively
high. Scrubber waters are discharged either to a settling tank or lagoon or to
a chemical precipitation system (if treatable levels of soluble metal con-
stituents of concern ara found) to remove these solids prior to their land
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disposal. Depending on the nature of the remaining dissolved constituents and
their comcentrations, treated scrubber waters may be returned to the air
pollution contral system, further treated in fiitration processes, or discharged.

Below are descriptions of the incineration processes for the four most

common incinerator systems.
5.3.1 Liquid Injection

In a 1iquid injection incineration system, a burner or nozzle atomizes the
waste and injects it into the combustion chamber, where it is incinerated in the
presence of air or oxygen. A forced-draft system supplies the combustion chamber
with air to provide oxygen for combustion and turbulence for mixing. The
combustion chamber is usually a cylinder lined with refractory (i.e., heat-
resistant) brick and can be fired horizontally, vertically upward, or vertically
downward. Figure 5 illustrates a liquid injection incineration system. '

5.3.2 Rotary Kiln

A rotary kiln is a slowly rotating, refractory-lined cylinder that is
mounted at a slight incline from the horizontal. Solid wastes enter at the high
end of the kiln, and 1iquid or gaseous wastes generally enter through atomizing
nozzles in the afterburner section of the kiln. A forced-draft system supplies
the kiln with air to provide oxygen for combustion and turbulence for mixing.
Rotation of the kiln enhances the exposure of the solids to the heat, thereby
aiding their volatilization as well as providing additional mixing of the solids
with air combustion. In addition, the rotation causes the ash to move to the
lower end of the kiln, from which it is removed. Rotary kiln systems usually
have a secondary combustion chamber or afterburner following the kiln for further
combustion of the volatilized waste constituents. Figure 6 is a diagram of a
rotary kiln incineration system.
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§.3.3 Fluidized Bed

A fluidizéd bed incinerator consists of a column containing inert particles
such as sand, which is referred to as the bed. Air, driven by a blower, enters
the bottom of the bed to fluidize the sand. Air Passage through the bed provides
oxygen for combustion and promotes rapid and uniform mixing of the injected waste
material within the fluidized bed. The fluidized bed has an extremely high heat
capacity {approximately three times that of flue (combustion) gases at the same
temperature), thereby providing a large heat reservoir. The injected waste
reaches incineration temperature quickly and transfers the heat of combustion
back to the bed. The freeboard above the fluidized bed provides additional time
for combustion of organic constituents. Because of the excellent mixing
properties associated with fluidized bed incinerators, they can operate at lower.
temperatures more effectively than other incinerators. Figure 7 is a diagram of
a fluidized bed incineration system.

5.3.4 Fixed Hearth Incineration

Fixed hearth (also called controlled air or starved air) incineration is
a two-stage combustion process. Waste is ram-fed into the first stage, or
primary chamber, and burned at less than stoichiometric conditions (not enough
oxygen for complete combustion). The resultant smoke and pyrolysis products,
consisting primarily of volatile hydrocarbons and carbon monoxide, along with the
typical products of combustion, pass to the secondary chamber. Here additional
air is injected to complete the combustion process. This two-stage process
generally yields low fly ash particulate and carbon menoxide (CO) emissions. The
primary chamber combustion reactions and resultant combustion gas velocities are
maintained at low levels by the starved air conditions so that particulate
entrainment and carryover in the combustion gases are minimized. Figure 8 is a
diagram of a fixed hearth incineration system.
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5.4 Naste Characteristics Affecting Performance (WCAPs)

In determining whether incineration will achieve the same level of
performance on an untested waste that it achieved on a previously tested waste
and whether performance levels can be transferred, EPA examines the following
waste characteristics: (a) the thermal conductivity of the waste, (b) the
component bailing points, (c) the component bond dissociation energies, (d) the
heating value of the waste, (e) the concentration of explosive constituents, and
(f) the concentration of noncombustible constituents.

5.4.1 Thermal Conductivity of the Waste

A major factor determining whether a particuiar constituent will volatilize
is the transfer of heat through the waste. For rotary kiln, fluidized bed, and
fixed hearth incineration, heat is transferred through the waste by radiation,
convection, and conduction. '

EPA examined all three methods of heat transfer. For a given incinerator,
heat transferred through various wastes by radiation and convection is more a
function of the design and type of incinerator than of the waste being treated;
therefore, EPA believes that conduction would be the primary cause of heat
transfer differences between wastes. Heat flow by conduction is proportional to
the temperature gradient across the material. The proportionality constant,
referred to as the thermal conductivity, is a property of the material to be
incinerated.

Thermal conductivity measurements, as part of a treatabiiity comparison for
two different wastes to be treated by a single incinerator, are most meaningful
when applied to wastes that are homogeneous (i.e., uniform throughout). As
wastes exhibit greater degrees of nonhomogeneity, thermal conductivity becomes
Tess accurate in predicting treatability because the measurement essentially
reflects heat flow through regions having the greatest conductivity (i.e., the
path of least resistance) and not heat flow through all parts of the waste.
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Nevertheless, EPA believes that thermal conductivity may provide the best measure
of performance transfer. If the thermal conductivity of an untested waste is
significantly 1dwer than that of the tested waste, the system may not achieve the
same performance. Higher temperatures may be required to improve heat transfer
through the waste and achieve the same treatment performance, or other, more
applicable treatment technologies may need to be considered for treatment of the

untested wastes.
5.4.2 Component Boiling Points

Following transfer of heat to a constituent within a waste, the
conﬁtituent’s removal depends on its volatility. EPA recognizes, however, that
volatilities are difficult to measure or calculate directly for the types of
wastes generally treated by incineration because the wastes usually consist of
a mixture of components. However, because the volatilities of components are
usually inversely proportional to their boiling points (i.e., the higher the
boiling point, the lower the volatility), EPA uses the bailing points of waste
components as a surrogate waste characteristic for volatility. If the boiling
points of waste components in the untested waste are significantly higher than
those in the tested waste, the system may not achieve the same performance.
Higher temperatures may be required to volatilize less volatile components and
achieve the same treatment performance or other, more applicable treatment
technologies may need to be considered for treatment of the untested wastes.

5.4.3 Component Bond Dissociation Energies

The activation energy is the amount of heat energy needed to destabilize
molecular bonds so that the exothermic combustion reactions can proceed.
Typically, the activation energy required for 1n;1neration of solids is greater
than that required for liquids, and the activation energy required for 1iquids
is higher than that required for gases. However, the activation energies for
components are difficult to measure or calculate directly and usually must be
determined empirically. The bond dissociation energy is the amount of energy
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needed to break each of the individual bonds in a molecule. Theoretically, the
bond dissociation_ energy and the activation energy are equivalent. However,
other energy effects including interactions between different molecular bonds may
have a significant influence on the activation energy. Nevertheless, EPA
believes that bond dissociation energy is the best indicator for activation
energy and therefore uses it as a surrogate waste characteristic. If the bond
dissociation energies of waste components in an untested waste are significantly
higher than those in the tested waste, the system may not achieve the same
performance. Higher temperatures may be required to destabilize molecular bonds
for waste components with high bond dissociation energies and achieve the same
treatment performance, or other, more applicable treatment technologies may need
to be considered for treatment of the untested waste.

5.4.4 Heating Value of the Waste

The amount of heat released from the exothermic combustion reactions of?a
waste is referred to as its heating value. To maintain combustion, the heatisg
value of a waste must be sufficient to heat incoming waste up to the appropriate
design incineration temperature and provide the necessary activation energy for
additional combustion reactions to occur. Higher waste heating values are
required for higher incineration temperatures and higher amounts of excess oxygen
to sustain combustion without auxiltiary fuel consumption. Low heating values for
an organic waste are usually caused by high concentrations of water or
halogehated compounds. If the heating value of an untested waste is
significantly lower than that of the tested waste, the system may not achieve the
same performance. Auxi)iary fuel may be required to provide the necessary heat
to maintain combustion and achieve the same treatment performance, or other, more
applicable treatment technologies may need to be considered for treatment of the
untested waste.
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5.4.5 Concentration of Explosive Constituents

Exblosive‘tonstituents may interfere with the smooth operation of an
incinerator, cgusing process upsets resulting in ineffective treatment of the
waste. If the concentration of explosive constituents in an untested waste is
significantly higher than that in the tested waste, the system may not achieve
the same performance and other, more applicable treatment technolagies may need
to be considered for treatment of the untested waste.

5.4.6 Concentration of Noncombustible Constituents

Noncombustible constituents include water, metals, and other inorganics.
High concentrations of noncombustible constituents result in low waste heating
values, requiring auxiliary fuel; large quantities of bottom ash, requiring
stabilization treatment (if treatable levels of leachable metal constituents of
cancern are present) and/or disposal; and large quantities of fly ash
particulates and volatile metals in the combustion gases, requiring removal in
an air pollution control system and treatment in a settling tank or lagoon or by
means of a chemical precipitation system (if treatable levels of soluble metal
constituents of concern are present) followed by disposal. Volatile metals such
as arsenic may also fuse to the refractory walls in the combustion chamber,
inhibiting effective operation of the incinerator. If the concentration of
noncombustible constituents in an untested waste is significantly higher than
that in the tested waste, the system may not achieve the same performance and
dlher, more applicable treatment technologies may need to be considered for
treatment of the untested waste.

5.5 Design and Operating Parameters

In assessing the effectiveness of the design and operation of an
incineration system, EPA examines the following parameters: (a) the incineration
temperature, (b) the concentration of excess oxygen in the combustion gas,
(¢) the concentration of carbon monoxide in the combustion gas, (d) the waste
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feed rate, and (e) the degree of waste/air mixing. In addition, incineration of
hazardous waste must be performed in accordance with the incineration design and
emissions regukations in 40 CFR 264, Subpart 0. For many hazardous organic
constituents, analytical methods are not available or the constituent cannot be
analyzed in the waste matrix. Therefore, it would normally be impossible to
measure the effectiveness of the incineration treatment system. In these cases
EPA tries to identify measurable parameters or constituents that would act as
surrogates to verify treatment.

For organic constituents, each constituent contains a measurable amount of
total organic carbon (TOC). Removal of TOC in the incineration treatment system
indicates removal of organic constituents. Hence, TOC analysis is likely to be
an adequate surrogate analysis where the specific organic constituent cannot be
measured.

However, TOC analysis may not be able to adequately detect treatment of
specific organics in matrices that are heavily organic-laden (i.e., the TOC
analysis may not be sensitive enough to detect changes at the milligrams per
liter (mg/1) level in matrices where total organic concentrations are hundreds
or thousands of mg/1). In these cases other surrogate parameters should be
sought. For example, if a specific analyzable constituent is expected tc be
treated as well as the unanalyzable constituent, the analyzable constituent
conceqtration should be monitored as a surrogate.

3.5.1 Incineration Temperature

Temperature provides an indirect measure of the energy available (i.e.,
Btu/hr) to both volatilize organic waste constituents and overcome their
activation energy. As the design temperature in the combustion chamber
increases, more constituents with lower volatilities and higher activation
energies will be destroyed. EPA monitors the incineration temperature
continuously to ensure that the system is operating at the appropriate design
condition and to diagnose operational problems.
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5.5.2 Concentration of Excess Oxygen in the Combustion Gas

A sufficiie'nt supply of oxygen must be supplied to the combustion chamber
to effectively incinerate the organic waste constituents. The stoichiometric or
minimum theoretical oxygen requirement to completely combust the waste is based
on the amounts of combustible constituents in the waste. If perfect mixing could
be achieved and the waste burned instantaneously, only the stoichiometric amount
of oxygen would be needed for complete combustion. However, neither of these
phenomena occur in commercial incinerators. The amount of excess oxygen in a
given incinerator depends on the degree of waste/air mixing achieved in the
combustion chamber and the desired degree of combustion gas cooling. Because
excess air (oxygen) supplied to the combustion chamber acts as a diluent in the
combustion process, it reduces the overall temperature in the incinerator (i.e.,
maximum theoretical incineration temperatures are achieved at zero percent excess
air). This temperature reduction might be desirable to limit refractary
degradation when high-heating value wastes are being burned. However, when low-
heating-value wastes are being burned, excess air shauld be minimized to keep tﬁe
system temperature as high as possible. Even with high-heating-value waste, it
is desirable for equipment design considerations to 1imit the amount of excess
air to some extent so that combustion chamber volume and downstream air pollution
control system sizes can be limited.

An inadequate supply of oxygen, on the other hand, will lead to ineffective
incineration with higher concentrations of carbon monoxide (CO) and organic
products of incomplete combustion (PICs), resulting in a heavier load on the air
pollution control system. Typically, 20 to 60 percent excess oxygen is required
to provide adequate 'waste/oxygen contact and, subsequently, effective
incineration of the waste. EPA monitors the concentration of excess axygen in
the combustion gas continuously to ensure that the system is operating at the
appropriate design condition and to diagnose operational problems.
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5.5.3 Concentration of Carbon Monoxide in the Combustion Gas

The concentration of carbon monoxide in the combustion gas provides an
indication of the extent to which organic waste constituents are converted to
carbon dioxide and water vapor. Higher carbon monoxide levels are an indication
of ineffective incineration with the presence of greater amounts of unreacted or
partially reacted organic waste constituents in the combustion gas, resulting in
a heavier load on the air pollution control system. Higher carbon monoxide
levels can result from an insufficient incineration temperature; an inadequate
supply of excess oxygen; a waste feed rate that is too high, resulting in an
insufficient residence time for the waste; and improper mixing in the combustion
chamber. EPA monitors the concentration of carbon monoxide in the combustion gas
continuously to ensure that the system is operating at the appropriate design
conditions and to diagnose operational problems.

5.5.4 Naste Feed Rate

The waste feed rate determines the residence time of the waste in the
combustion chamber. Sufficient residence time must be provided to allow for
volatilization of the organic waste constituents, mixing with oxygen in the
combustion chamber, and completion of the combustion reactions. The total
residence time required for these processes to occur depends on the incineration
temperature, the amount of excess oxygen provided in the combustion chamber, the
degreé of waste/air mixing in the combustion chamber, the size and type of
incinerator used, the physical form of the waste, and the waste particle size
(which determines the amount of waste surface area available for heat transfer).
Typical incinerator residence times range from approximately 2 seconds for liquid
and gaseous wastes in 1liquid injection incinerators and the afterburner,
freeboard, and secondary ccambustion chamters of rotary kiln, fluidized bed, and
fixed hearth incinerators to 30 minutes to 1 hour for solid wastes in a rotary
kiln incinerator. EPA monitors the waste feed rate continuously to ensure that
sufficient residence time is provided to effectively incinerate organic waste

constituents.
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5.5.5 Degree of Waste/Air Mixing

The incin‘eration temperature, the amount of excess oxygen, and the
residence time required to achieve effective incineration of a waste all depend
to some extent on the degree of waste/air mixing in the combustion chamber. For
liquid injection incinerators, the degree of waste/air mixing is primarily
determined by the specific burner design and the degree of atomization of the
waste/air mixture achieved. The degree of atomization is dependent on the
viscosity of the 1iquid waste and the amount of solid impurities present. [f the
waste viscosity exceeds 750 Sus or the amount of solid impurities is too high,
the degree of atomization may not be fine enough, resulting in ineffective
incineration.

For rotary kiln incineration, the degree of waste/air mixing is determined
by the airflow rate into the kiln as well as the rate of rotation (revolutians
per minute (RPM)) of the kiln. As the airflow rate is increased, the degree of
waste/air mixing is improved although this also reduces the incineratign
temperature and residence time of the combustion gases. Increasing the rate of
rotation of the kiln also improves waste/air mixing; however, the residence time
of the waste solids is also reduced. Typical rotation rates for rotary kilns
range from 0.3 to 1.5 meters per minute (1 to 5 feet per minute).

For fluidized bed incineration, the degree of waste/air mixing is indicated
by the pressure drop through the bed caused by the airflow rate used to fluidize
the bed. The higher the pressure drop, the greater the degree of mixing in the
fluidized bed. However, this also reduces the incineration temperature and the
residence time of the waste solids and combustion gases.

For fixed hearth incineration, the degree of waste/air mixing is determined
by the airflow rate into the combustion chamber. As the airflow rate is
increased, the degree of waste/air mixing is improved. However, this also
reduces the incineration temperature and the residence time of the combustion

gases.

f:\document\15254031.01 . 007 61



The quantifiable degree of waste/air mixing is a complex assessment that
is difficult to express in absolute terms. However, for liquid injection
incineration, EEQ evaluates the degree of mixing qualitatively by examining the
burner design and determining whether it could be expected to achieve effective
atomization of the waste/air mixture. For rotary kiln incineration, EPA
estimates the degree of mixing by monitoring the airflow rate into the kiln as
well as the kiln’s rate of rotation to ensure that effective mixing of the waste
and air is achieved. Ffor fluidized bed incinaration, EPA estimates the degree
of mixing by monitoring the pressure drop through the bed to ensure that
effective mixing of waste and air is achieved. For fixed hearth incineration,
EPA estimates the degree of mixing by monitoring the airflow rate into the
combustionn chamber to ensure that effective mixing of the waste and air is
achieved.
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6. WET AIR OXIDATION

6.1 Applicability

Wet air oxidation is a treatment technology applicable to wastewaters
containing organics and oxidizable inorganics such as cyanide. The process is
typically used to oxidize sewage sludge, regenerate spent activated carbon, and
treat process wastewaters. Wastewaters treated using this technology include
pesticide wastes, petrochemical process wastes, cyanide-containing metal
finishing wastes, spent caustic wastewaters containing phenolic compounds, and
some organic chemical production wastewaters.

This technology differs from other treatment technologies generally used
to treat wastewaters containing organics in the following ways. First, wet air
oxidation can be wused to treat wastewaters that have higher organic
concentrations than are normally handled by biological treatment, carbon
adsorption, and chemical oxidation but may be too dilute to be effectively
treated by thermal processes such as incineration. Wet air oxidation is most
applicable for waste streams containing dissolved or suspended organics in the
500 to 50,000 mg/1 range. Below 500 mg/1, the rates of wet air oxidation of most
organic constituents are too slow for efficient application of this technology.
For these more dilute waste streams, biological treatment, carbon adsorption, or
chemical oxidation may be more applicable. For more concentrated waste streams
(above 50,000 mg/1), thermal processes such as incineration may be more
applicable. Second, wet air oxidation can be applied to wastes that have
significant concentrations of metals (roughly 2 percent), whereas biological
treatment, carbon adsbrption, and chemical oxidation may have difficulty in

treating such wastes.

It is important to point out that wet air oxidation proceeds by a series
of reaction steps and the intermediate products formed are not always as readily
oxidized as are the original constituents. Therefore, the process does not
always achieve complete oxidation of the organic constituents. Accordingly, in
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applying this technology it is important to assess potential products of
incomplete oxidation to determine whether further treatment is necessary or
whether this t&chnology is appropriate at all.

Studies of the wet air oxidation of different compounds have led to the
following empirical observations concerning a compound’s susceptibility to wet
air oxidation based on its chemical structure:

1. Aliphatic compounds, even with multiple halogen atoms, can be
destroyed within conventional wet air oxidation conditions.
Oxygenated compounds (such as lTow-molecular-weight alcohols,
aldehydes, ketones, and carboxylic acids) are formed, but these
compounds are readily biotreatable.

2. Aromatic hydrocarbons, such as toluene, acenaphthene, or pyrene, are
easily oxidized. ’

i1

3. Halogenated aromatic compounds can be oxidized provided there is at
least one nonhalogern functional group present on the ring (e.g.,
pentachlorophenol (-OH) or 2,4,6-trichloroaniline (-NH,)).

4. Halogenated aromatic compounds, such as 1,2-dichlorobenzene, and PCBs,
such as Aroclor 1254, are resistant to wet air oxidation under
conventional conditions.

5. Halogenated.ring compounds, such as the pesticides aldrin, dieldrin,
and endrin, are expected to be resistant to conventional wet air
oxidation.

6. DDT can be oxidized, but results in the formation of intractable oils
in conventional wet air oxidation.
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7. Heterocyclic compounds containing oxygen, nitrogen, or sulfur are
- expected to be destroyed by wet air oxidation because the 0, N, or S
atomg provide a point of attack for oxidation reactions to occur.

6.2 Underlying Principles of Operation

The basic principle of operation for wet air oxidation is that the enhanced
solubility of oxygen in water at high temperatures and pressures aids in the
oxidation of organics. The typical operating temperature for the wet air
oxidation treatment process ranges from 175 to 325°C (347 to 617°F). The
pressure is maintained at a level high enough to prevent excessive evaporation
of the liquid phase at the operating temperature, generally between 300 and
3000 psi. At these elevated temperatures and pressures, the solubility of oxygen
in water is dramatically increased, thus providing a strong driving force for the
oxidation. The reaction must take place in the aqueous phase because the
chemical reactions involve both oxygen (oxidation) and water (hydrolysis). The
wet air oxidation process for a specific organic compound generally involves'a
number of oxidation and hydrolysis reactions in series, which degrade the initial
compound by steps into a series of compounds of simpler structure. Complete wet
air oxidation results in the conversion of organic compounds into carbon dioxide,
water vapor, ammonia (for nitrogen-containing wastes), sulfate (for
sulfur-containing wastes), and halogen acids (for halogenated wastes).

'However, treatable quantities of partial degradation products may remain
in the treated wastewaters from wet air oxidation. Therefore, effluents from wet
air oxidation processes may be given subsequent treatment including biological
treatment, carbon adsorption, or chemical oxidation before being discharged.

6.3 Description of Wet Air Oxidation Process

A conventional wet air oxidation system consists of a high-pressure liquid
feed pump, an oxygen source (air compressor or liquid oxygen vaporizer), a
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reactor, heat exchangers, a vapor-liquid separator, and process regulators. A
basic flow diagram is shown in Figure 9.
<

A typical batch wet air oxidation process proceeds as follows. First, a
copper catalyst solution may be mixed with the aqueous waste stream if
preliminary testing indicates that a catalyst is necessary. The waste is then
pumped into the reaction chamber. The aqueous waste is pressurized and heated
to the design pressure and temperature. After reaction conditions have been
established, air is fed to the reactor for the duration of the design reaction
time. At the completion of the wet air oxidation process, suspended solids or
gases are removed and the remaining treated aqueous waste is either discharged
directly to disposal or fed to a biological treatment, carbon adsorption, or
chemical oxidation treatment system if further treatment is necessary prior to
discharge to disposal.

Wet air oxidation can also be operated in a continuous process. In
continuous operation, the waste is pressurized, mixed with pressurized air ﬁr
oxygen, preheated in a series of heat exchangers by the hot reactor effluent and
steam, and fed to the reactor. The waste feed flow rate controls the reactor
residence time. Steam is fed into the reactor column to adjust the column
temperature. The treated waste is separated in a gas-1liquid separator, with the
gases treated in an air pollution control system and/or discharged to the
atmosphere, and the 1iquids either further treated, as mentioned above, and/or
‘discharged to disposal. :

6.4 Waste Characteristics Affecting Performance (NCAPs)

In determining whether wet air oxidation will achieve the same level of
performance on an untested waste that it achieved on a previously tested waste
and whether performance levels can be transferred, EPA examines the following
waste characteristics: (a) the chemical oxygen demand and (b) the concentration
of interfering substances.
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6.4.1 Chemical Oxygen Demand

The chemtcal oxygen demand (COD) of the waste is a measure of the oxygen
required for complete oxidation of the oxidizable waste constituents. The limit
to the amount of oxygen that can be supplied to the waste is dependent on the
solubility of oxygen in the aqueous waste and the rate of dissolution of oxygen
from the gas phase to the 1iquid phase. This sets an upper limit on the amount
of oxidizable compounds that can be treated by wet air oxidation. Thus, high-C0D
wastes may require di]ﬁtion for effective treatment to occur. If the COD of the
untested waste is significantly higher than that of the tested waste, the system
may not achieve the same performance. Pretreatment of the waste or dilution as
part of treatment may be needed to reduce the COD to within levels treatable by
the dissolved oxygen concentration and to achieve the same treatment performance,
or other, more applicable treatment technologies may need to be considered for
treatment of the untested waste.

6.4.2 Concentration of Interfering Substances

In some cases, addition of a water-soluble copper salt catalyst to the
waste before processing is necessary for efficient oxidation treatment (for
example, for oxidation of some halogenated organics). Other metals have been
tested and have been found to be less effective. Interfering substances for the
wet 3ir oxidation process are essentially those that cause the formation of
insoluble copper salts when copper catalysts are used. To be effective in
catalyzing the oxidation reaction, the copper ions must be dissolved in solution.
Sulfide, carbonate, and other negative ions that form insoluble copper salts may
interfere with treatment effectiveness if they are present in significant
concentrations in wastes for which copper catalysts are necessary for effective
treatment. If an untested waste for which a copper catalyst is necessary for
effective treatment has a concentration of interfering substances (including
sulfide, carbonate, or other anions that form insoluble copper salts)
significantly higher than that in a tested waste, the system may not achieve the
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same performance and other, more applicable treatment technologies may need to
be considered for treatment of the untested waste.

C
6.5 Design _and Operating Parameters

In assessing the effectiveness of the design and operation of a wet air
oxidation system, EPA examines the following parameters: (a) thie oxidation
temperature, (b) the residence time, (c) the excess oxygen concentration, (d) the
oxidation pressure, and (e) the amount and type of catalyst. For many hazardous
organic constituents, analytical methods are not available or the constituent
cannot be analyzed in the waste matrix. Therefore, it would normally be
impossible to measure the effectiveness of the wet air oxidation treatment
system. In these cases EPA tries to identify measurable parameters or
constituents that would act as surrogates to verify treatment.

For organic constituents, each compound contains a measurable amount of
total organic carbon (TOC). Removal of TOC in the wet air oxidation treatment
system indicates removal of organic constituents. Hence, TOC analysis is likely
to be an adequate surrogate analysis where the specific organic constituent
cannot be measured.

However, TOC analysis may not be able to adequately detect treatment of
specific organics in matrices that are heavily organic-laden (i.e., the TOC
analysis may not be sensitive enough to detect changes at the milligrams per
liter (mg/1) level in matrices where total organic concentrations are hundreds
or thousands of mg/1). In these cases other surrogate parameters should be
sought. for example, }f a specific analyzable constituent is expected to be
treated as well as the unanalyzable constituent, the analyzable constituent
concentration should be monitored as a surrogate.
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6.5.1 Oxidation Temperature

Temperature is the most important parameter affecting the system. The
design temperature must be high enough to allow the oxidation reactions to
proceed at acceptable rates. Raising the temperature increases the wet air
oxidation rate by enhancing oxygen solubility and oxygen diffusivity. The
process is normally operated in the temperature range of 175 to 325°'C (347 to
617°F), depending on the hazardous constituent(s) to be treated. EPA monitors
the oxidation temperature continuously, if possible, to ensure that the system
is operating at the appropriate design condition and to diagnose operational
problems.

6.5.2 Residence Time

The residence time impacts the extent of oxidation of waste contaminants.
for a batch system, the residence time is controlled directly by adjusting the
treatment time in the reaction tank. For a continuous system, the waste ferd
rate is controlled to make sure that the system is operated at the appropriate
design residence time. Generally, the reaction rates are relatively fast for the
first 30 minutes and become slow after 60 minutes. Typical residence times,
therefore, are approximately 1 hour. EPA monitors the residence time to ensure
that sufficient time is provided to effectively oxidize the waste.

6.5.3 Excess Oxygen Concentration

The system must be designed to supply adequate amounts of oxygen for the
compounds to be oxidized. An estimate of the amount of oxygen needed can be made
based on the COD content of the untreated waste; excess oxygen should be supplied
to ensure complete oxidation. The source of oxygen is compressed air or a
high-pressure pure oxygen stream. EPA monitors the excess oxygen concentration
(the concentration of oxygen in the gas leaving the reactor) continuously, if
possible, by sampling the vent gas from the gas-1iquid separator to ensure that
an effective amount of oxygen or air is being supplied to the waste.
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6.5.4 Oxidation Pressure

The design pressure must be high enough to prevent excessive evaporation
of water and volatile organics at the design temperature. This allows the
oxidation reaction to occur in the aqueous phase, thereby improving treatment
effectiveness. Typical oxidation pressures range from 900 to 3000 psig. EPA
monitors the oxidation pressure continuously, if possible, to ensure that the
system is operating at the appropriate design condition and to diagnose
operational problems.

6.5.5 Amount and Type of Catalyst

Adding a catalyst that promotes oxygen transfer and thus enhances oxidation
has the effect of 1owering the necessary reactor temperature and/or improving the
level of destruction of oxidizable compounds. For waste constituents that are
more difficult to oxidize, the addition of a catalyst may be necessary to
effectively destroy the constituent(s) of concern. Catalysts typically used for
this purpose include copper bromide and copper nitrate. If a catalyst is
required, EPA examines the amount and type added, as well as the method of
addition of the catalyst to the waste, to ensure that effective oxidation is
achieved.
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I. TREATMENT TECHNOLOGIES (CONTINUED)

TECHNOLOGIES THAT REDUCE THE SOLUBILITY OR
LEACHABILITY OF METALS



1. AMALGAMATION

1.1 Apphicability

The term amalgamation refers to two types of processes that can be used as
treatment for mercury wastes. Neither amalgamation process significantly reduces
the leachability of mercury; both processes only. convert it into a more easily
processed ferm. In both processes, a solid alloy of mercury and a base metal,
such as zinc, is formed. This alloy can be subsequently processed by retorting
to recover mercury.

The two processes differ from each other in the types of wastes managed.
The first process is applicable only to solutions containing dissolved mercury
salts. The principal current use for the process is in treatment of wastewaters
containing organomercury salts. The second process is usable only for wastes
rich in elemental mercury. Since the use of this second process is merely a
convenience to avoid handling mercury in liquid form, its use is negligible.
Both processes are applicable only to wastes containing mercury where selective
recovery of the mercury is deemed viable.

1.2 Underlying Principles of Operation

The amalgamation processes depend on the ability of mercury to form low-
mel ting-point solid alloys with metals such as copper and zinc, which have the
thermodynamic capability of simultaneously reducing mercuric and mercurous salts
to elemental mercury. .Basically, an excess of the less noble metal (zinc or
copper) is contacted with a waste containing mercury or mercury salts. The -
chemical reaction reducing the mercury in the mercury salts occurs and the
elemental mercury 1iberated forms an alloy with the excess metal added. Ffor zinc
and mercuric nitrate, the reactiorn may be written:
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Hg(NO,), + In - Zn(NOa)z + Hg
Hg t_ih-* mercury zinc amalgam

1.3 Description of Amalqamation Treatment Processes

The two types of amalgamation processes are operated as follows:

1. The aqueous replacement process (solution process) involves addition
of excess base metal, such as zinc, to a wastewater solution
containing dissolved mercury salts. The elemental zinc, or other base
metal, reacts with the mercuric or mercurous salts to form elemental

mercury, which subsequently alloys with the excess base metal to form

a solid amalgam (or alloy) that can be recovered by filtration and
then sent for mercury recovery if applicable. Generally, finely
divided zinc (zinc dust) is used. The high surface area of this
material allows for rapid reaction and alloy formation.

2. The nonaqueous process, which is seldom used, involves contacting
waste liquid mercury with finely divided zinc powders. The mass
rapidly solidifies into a solid amalgam, which may be more easily
managed than liquid mercury. This type of process is typically
Timited in utility only to waste scrap elemental mercury.

1.4 Waste characterization Affecting.Performance (WCAPs)

In determining whether amalgamation will achieve the same level of
performance on an untested waste that it achieved on a previously tested waste
and whether performance levels can be transferred, EPA examines the following
waste characteristics: (a) the chemical form of the mercury, (b) the solution
pH, (c) the presence of solids, and (d) the presence of other interfering
materials.
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1.4.1 Chemical Form of the Mercury

The solutfon process requires that the mercury be present in the form of
a dissolved mercury salt. As a result, the process is not applicable to wastes
containing insoluble mercury compounds. The nonaqueous process is applicable
only to waste scrap mercury in elemental form.

1.4.2 Solution pH

The solution process involves reactions of finely divided zinc with mercury
salts in solution. Reactions such as those consuming zinc by reaction with the
acidic content of wastewaters are undesirable. Therefore, the pH of the
wastewater solution should be adjusted to near neutral value before the process
is used. This characteristic does not apply to the second process, where scrap
liquid mercury is a required feedstock.

1.4.3 Presence of Solids

The solution process is aimed at recovery of a solid amalgam that can be
shipped to mercury reprocessors. The presence of other solids in the amalgam may
be undesirable. Therefore, if mercury is to be recovered, wastewater soclutions
should be filtered to remove extraneous solids before the process is used. This
characteristic does not apply to the second process.

e

1.4.4 Presence of Interfering Matertals -

The solution process requires a clear solution as a feedstock. Solutions
containing ofls, greases, and emulsified or suspended materials need to be
pretreated before use of the process. The presence of many other dissolved
salts, such as those of copper, which can react with zinc, is also undesirable,
but does not exclude use of the process. The presence of such salts will
increase the amounts of zinc required for process operation.
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The nonaqueous brOCESS requires elemental mercury as a feedstock. Scrap
mercury contaminated with oils, greases, and emulsion is better managed by
retorting direatly since these interfering substances may inhibit amalgam
formation.

1.5 Design_and Operating Parameters
1.5.1 Solution Process Design and Operating Parameters

In assessing the effectiveness of the design and operation of a solution
process, EPA examines the following parameters: (a) temperature, (b) degree of
mixing, (¢) zinc usage, (d) solution pretreatment, and (e) residual mercury in
the treated wastewater.

1.5.1.1 Temperature

The solution process is normally operated at ambtient temperature but can
be run at temperatures up to about 60°C to enhance the reaction rate between zinc
and dissolved mercury salts. EPA will examine the basis for the choice of
operating temperature and temperature manitoring equipment to ensure proper
process operation.

1.5.1.2 Degree of Mixing

-

Finely divided zinc powder is normally added to the solution containing the
mercury compound. To ensure adequate contact between the zine particles and
mercury ions present in solution, good agitation is needed. EPA will examine the
equipment used to determine that the treatment vessel contains the proper
stirring equipment.
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1.5.1.3 Zinc Usaqge

Sufficient zinc must be added to the solutions to ensure that all of the
mercury present is converted to an amalgam. To achieve this end, the
concentration of mercury in the solution to be processed must be known to
estimate the minimum amount of zinc to be added. EPA will examine a facility’s
calculations for zinc addition for individual batches to ensure proper operation.

1.5.1.4 Solution Pretreatment

In a properly operated unit, the mercury-containing solutions processed
should be clear and free of 0il, grease, and suspended solids when introduced to
the processing equipment. EPA wiii inspect the solutions entering the process
to ensure that proper pretreatment is being used.

1.5.1.5 Residual Mercury Levels in Treated Liquid Phase

One rinal design and operating parameter of importance is the concentration
of mercury in the treated water after amalgam removal. For a properly designed
and operated unit, both the entering and final mercury concentrations should be
determined on a batch-by-batch basis. EPA will examine these records to ensure
proper operation. EPA will also determine proper operatiom by examination of
capabilities for posttreatment to precipitate any residual mercury from the
treated wastewaters prior to their discharge. Amalgamation processes are
normally used as part of treatment trains devoted to recovering elemental
mercury. The reaction of zinc with mercury salts in solution occurs rapidly at
higher mercury salt concentrations but may become very slow as the concentration
falls to low levels. As a result, treated solutions are 1ikely to contain some
residual mercury salts requiring separate treatment.
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1.5.2 Nonaqueous Prccess Design and Operating Parameters

The nonaqu&ous (solid) process is very rarely used on a significant scale.
Genéra]]y, waste mercury is either retorted or redistilled as such without
formation of amalgams. There are, however, a few instances in which it might be
desirable to amalgamate elemental mercury, the most important of which is when
the mercury is contaminated by radioisotopes. The solid process involving
amalgamation with zinc is basically simple, and there are two design and
operating parameters of concern: (a) the amount of zinc used and (b) the adequacy

of the mixing.
1.5.2.1 Amount of Zinc Used

The properties of the final amalgam prepared will depend on the ratio of
zinc powder to mercury used. Mercury and zinc form amalgams over a very wide
composition range. However, it is necessary to add sufficient zinc so that an
alloy that is solid at room temperature is obtained. This entails using
sufficient zinc to ensure that an amalgam with at least 25 percent zinc content

is obtained.

1.5.2.2 Adequacy of Mixing

To form uniform zinc-mercury amalgams, the constituents need to be
Gniformly mixed. Historically, such amalgams have been prepared in small
quantities. If a facility desires to process mercury by this route in higher
volumes, a specially designed mixing system may be needed. EPA will examine the
design and operation of the mixing system to determine whether adequate mixing

is likely to be achieved.
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2. CHEMICAL PRECIPITATION

2.1 Appticability

Chemical precipitation is a treatment technology applicable to wastewaters
containing a wide range of dissolved and other metals, as well as other inorganic
substances such as fluorides. This technology removes these metals and
inorganics from solution in the form of insoluble solid precipitates. The solids
formed are then separated from the wastewater by settling, clarification, and/or
polishing filtration.

For some wastewaters, such as chromium plating baths or plating baths
containing cyanides, the metals exist in solution in a very soluble form. This
solubility can be caused by the metal’s oxidation state (for example, hexavalent
chromium wastewaters) or by complexing of the metals (for example, high
cyanide-containing wastewaters). In both cases, pretreatment, such as hexavalent
chromium reduction or oxidation of the metal-cyanide complexes, may be required
before the chemicai precipitation process can be applied effectively. In the
case of arsenic, the arsenic-containing solution is normally treated first with
oxidizing agents such as alkali hypochlorite solution to convert the lower-
valence arsenic compound to arsenate. The arsenic ion is then typically
precipitated out as ferric arsenate. Some compounds must be reduced prior to
precipitation. For instance, selinites and selenates are oxidants and are
-readily reduced to elementa? selenium, which is insoluble in aqueous solutiens.
Sulfur dioxide, sulfides, sulfites, and ferrous ion are all effective for this
reduction reaction.

Chemical precipitation may also be applicable to mixed waste for separating
radionuclides from other hazardous constituents in wastewaters. Specific
conditions of pH, temperature, and precipitating reagent addition are required
to selectively remove part or all of the radioactive component as a precipitate.
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2.2 Underlying Principles of Operation

The basicprinciple of operation of chemical precipitation is that metals
and inorganics in wastewater are removed by the addition of a precipitating agent
that converts the soluble metals and inorganics to insoluble precipitates. These
precipitates are settled, clarified, and/or filtered out of solution, leaving a
lower concentration of metals and inorganics in the wastewater. The principal
precipitation agents used to convert soluble metal and inorganic compounds to
Tess soluble forms include 1ime (Ca(0H),), caustic (NaOH), sodium sulfide (Na,S),
and, to a lesser extent, soda ash (Na,C0,), phosphate (PO"), and ferrous sulfide
(FeS).

The solubility of a particular compound depends on the extent to which the
electrostatic forces holding the ions of the compound together can be gvercome.
The solubility changes significantly with temperature, with most metal compounds
becoming more soluble as the temperature increases. Additionally, the solubility
is affected by other constituents present in the wastewater, including other ions
and complexing agents. Regarding specific ionic forms, nitrates, chlorides, and
sulfates are, in general, more soluble than hydroxides, sulfides, carbonates, and
phosphates.

Once the soluble metal and inorganic compounds have been converted to
precipitates, the effectiveness of chemical precipitation is determined by how
succeskfu]ly the precipitates are physically removed. Removal usually relies on
a settling process; that 1is, a particle of a specific size, shape, and
composition will settle at a specific velocity, as described by Stokes’ Law. For
a batch system, Stokes’ Law is a good predictor of settling time because the
pertinent particle parameters essentially remain constant. In practice, however,
settling time for a batch system is normally determined by empirical testing.
For a continuous system, the theory of settling is complicated by such factors
as turbulence, short-circuiting of the wastewater, and velocity gradients, thus
increasing the importance of empirical tests to accurately determine appropriate

settling times.
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2.3 Description of Chemical Precipitition Process

The equipqent and instrumentation required for chemical precipitation vary
depending on whether the system is batch or continuous. Both systems are
discussed below.

For a batch system, chemical precipitation requires a feed system for the
treatment chemicals and a reaction tank where the waste can be treated and
allowed to settle. When lime is used, it is usually added to the reaction tank
in a slurry form. The supernatant liquid is generally analyzed before discharge
to ensure that settling of precipitates is adequate.

For a continuous system, additional tanks are necessary, as well as the
instrumentation to ensure that the system is operating properly. A schematic of
a continuous chemical precipitation system is shown in Figure 10. In this
system, wastewater is fed into an equalization tank, where it is mixed to provide
more uniformity, thus minimizing the variability in the type and concentration
of constituents sent to the reaction tank.

Following equalization, the wastewater is pumped to a reaction tank where
precipitating agents are added. This is done automatically by using
instrumentation that senses the pH of the system for hydroxide precipitating
agents, or the oxidation-reduction potential (ORP) for nonhydroxide precipitating
agents, and then pneumatically adjusts the position of the treatment chemical
feed valve until the design pH or ORP value is achieved. (The pH and ORP values
are affected by the concentration of hydroxide and nonhydroxide precipitating
agents, respectively, and are thus used as indicators of their concentrations in
the reaction tank.)

In the reaction tank, the wastewater and precipitating agents are mixed to
ensure commingling of the metal and inorganic constituents to be removed and the
precipitating agents. In addition, effective dispersion of the precipitating
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agents throughout the tank is necessary to properly monitor and thereby control
the amount added.

¢
Following reaction of the wastewater with the stabilizing agents,

coagulating or flocculating compounds are added to chemically assist the settling
process. Coagulants and flocculants increase the particle size and density of
the precipitated solids, both of which increase the rate of settling. The
coagulant or flocculating agent that best improves settling characteristics
varies depending on the'particu]ar precipitates to be settled.

Settling can be conducted in a large tank by relying solely on gravity or
can be mechanically assisted through the use of a circular clarifier or an
inclined plate settler. Schematics of the two settling systems are shown in
Figures 11 and 12. Following the addition of coagulating or flocculating agents,
the wastewater is fed to a large settling tank, circular clarifier, or inclined
plate settler, where the precipitated solids are removed. These solids are
generally further treated in a sludge filtration system to dewater them prior to
disposal. Sludge filteration is discussed in Section II.B.2 of this document.

The supernatant liquid effluent can be further treated in a polishing
filtration system to remove precipitated residuals both in cases where the
settling system is underdesigned and in cases where the particles are difficult
to settle. Polishing filtration is discussed in Section II.8.2 of this document.

2.4 Waste Characteristics Affecting Performance (WCAPs)

In determining whether chemical precipitation will achieve the same level
of performance on an untested waste that it achieved on a previously tested waste
and whether performance levels can be transferred, EPA examines the following
waste characteristics: (a) the concentration and type of metals, (b) the
concentration of total dissolved solids (TDS), (c) the concentration of
complexing agents, and (d) the concentration of oil and grease.
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2.4.1 Concentration and Type of Metals

For most Wetals, there is a specific pH at which the metal precipitate is
least soluble. As a result, when a waste contains a mixture of many metals, it
is not possible to operate a treatment system at a single pH or ORP vaiue that
is optimal for the removal of all metals. The extent to which this affects
treatment depends on the particular metals to be removed and their respective
concentrations. One alternative is to operate multiple precipitations, with
intermediate settling, when the optimum pH occurs at markedly different Tevels
for the metals present. If the concentration and type of metals in an untested
waste differ from and are significantly higher than those in the tested waste,
the system may not achieve the same performance. Additional precipitating
agents, alternate pH/ORP values, and/or multiple precipitations may be required
to achieve the same treatment performance, or other, more applicable treatment
technologies may need to be considered for treatment of the untested waste.

2.4.2 Concentration of Total Dissolved Solids

High concentrations of total dissolved solids (TDS) can interfere with
precipitation reactions, as well as inhibit settling. Poor precipitate formation
and flocculation are results of high TDS concentrations, and higher
concentrations of salids are found in the treated wastewater residuals. If the
TDS concentration in an untested waste is significantly higher than that in the
teste& waste, the system may not achieve the same performance. Higher
concentrations of precipitating agents may be required to achieve the same
treatment performance, orother, more applicable treatment technologies may need
to be considered for treatment of the untested waste.

2.4.3 Concentration of Complexing Agents
A metal complex consists of a metal ion surrounded by a group of other
inorganic or organic ions or molecules (often called 1igands). In the complexed

form, metals have a greater solubility. Also, complexed metals inhibit the
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reaction of the metal with the precipitating agents and therefore may not be
removed as effectively from solution by chemical precipitation. However, EPA
does not have @palytical methods to determine the concentration of complexed
metals in wastewaters. The Agency believes that the best indicator for complexed
metals is to analyze for complexing agents, such as cyanide, chlorides, EDTA,
ammonia, amines, and methanol, for which analytical methods are available.
Therefore, EPA uses the concentration of complexing agents as a surrogate waste
characteristic for the concentration of metal complexes. If the concentration
of complexing agents in an untested waste is significantly higher than that in
the tested waste, the system may not achieve the same performance. Higher
concentrations of precipitating agents may be required to achieve the same
treatment performance, or other, more applicable treatment technologies may need
to be considered for treatment of the untested waste.

2.4.4 Concentration of 0i1 and Grease

The concentration of oil and grease in a waste inhibits the settling of the
precipitate by creating emulsions that require a long settling time. Suspended
0il droplets in water tend to suspend particles such as chemical precipitates
that would otherwise settle out of solution. Even with the use of coagulants or
flocculants, the settling of the precipitate is less effective. If the
concentration of oil and grease in an untested waste is significantly higher than
that .in the tested waste, the system may not achieve the same performance.
“Pretreatment of the waste may be required to ‘reduce the oil and grease
concentration and achieve the same treatment performance, or other, more
applicable treatment technologies may need to be considered for treatment of the
untested waste.

2.5 Design and Operating Parameters
In assessing the effectiveness of the design and operation of a chemical

precipitaticn system, EPA examines the following parameters: (a) the pH/ORP
value; (b) the precipitation temperature; (c) the residence time; (d) the amount
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and type of precipitating agents, coagulants, and flocculants; (e) the degree of
mixing; and (f) the settling time.

t‘.
2.5.1 pH/ORP Value

The pH/ORP value in continuous chemical precipitation systems is used as
an indicator of the concentration of precipitating agents in the reaction tank
and thus is used to regulate their addition to the tank. The pH/ORP value also
affects the solubility of metal precipitates formed and therefore directly
impacts the effectiveness of their removal. EPA monitors the pH/ORP value
continuously, if possible, to ensure that the system is operating at the
appropriate design condition and to diagnose operational problems.

2.5.2 Precipitation Temperature

The precipitation temperature affects the solubility of the metal
precipitates. Generally, the lower the temperature, the lower the solubility of
the metal precipitates and vice versa. EPA monitors the precipitation
temperature continuously, if possible, to ensure that the system is operating at
the appropriate design condition and to diagnose operational problems.

2.5.3 Residence Time

. The residence time impacts the extent of the chemical reactions to form
metal precipitates and, as a result, the amount of precipitates that can be
settled out of so]ution, For batch systems, the residence time is controlled
directly by adjusting the treatment time in the reaction tank. For continuous
systems, the wastewater feed rate is controlled to make sure that the system is
operating at the appropriate design residence time. EPA monitors the residence
time to ensure that sufficient time is provided to effectively precipitate
metals and inorganics from the wastewater.
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2.5.4 Amount and Type of Precipitating Agents, Coagulants, and Flocculants

The amouni_;nd type of precipitating agent used to effectively treat the
wastewater depends on the amount and type of metal and inorganic constituents in
the wastewater to be treated. Other design and operating parameters, such as the
pH/ORP value, the precipitation temperature, the residence time, the amount and
type of coagulants and flocculants, and the settling time, are determined by the
selection of precipitating agents. The addition of coagulants and flocculants
improves the settling rate of the precipitated metals and inorganics and allows
for smaller settling systems (i.e., lower settling time) to achieve the same
degree of settling as a much larger system. Typically, anionic poiyelectroiyte
f1obcu1ating agents are most effective with metal precipitates, although cationic
or nonionic polyelectrolytes also are effective. Typical doses range from 0.1
to 10 mg/1 of the total influent wastewater stream. Conventional coagulants,
such as alum (aluminum sulfate), are also effective, but must be dosed at much
higher corcentrations to achieve the same result. Therefore, these coagulants
add more to the settled sludge volume requiring disposal than do the
polyelectrolyte flocculants. EPA examines the amount and type of precipitating
agents, coagulants, and flocculants added, and their method of addition to the
wastewater, to ensure effective precipitation.

2.5.5 Degree of Mixing

. Mixing provides greater uniformity of the wastewater feed and disperses
precipitating agents, coagulants, and flocculants throughout the wastewater to
ensure the most rapid precipitation reactions and settling of precipitate solids
possible. The quantifiable degree of mixing is a complex assessment that
includes, among other things, the amount of energy supplied, the length of time
the material is mixed, and the related turbulence effects of the specific size
and shape of the tank. This is beyond the scobe of simple measurement. EPA,
however, evaluates the degree of mixing qualitatively by considering whether
mixing is provided and whether the type of mixing device is one that could be
expected to achieve uniform mixing of the wastewater.
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2.5.6 Settling Time

Adequate gettling time must be provided to make sure that removal of the

precipitated solids from the wastewater has been completed. EPA monitors the
settling time to ensure effective solids removal.
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3. ENCAPSULATION

3.1 Applicability

Encapsulation processes refer to a family of processes wherein high-solids
nonwastewaters are mixed with an organic polymeric substance or with asphalt.
The mixture is then allowed to cure into a solid mass prior to disposal. These
processes are applicable to a wide variety of wastes. They are not applicable
to wastes containing materials that decompose at high temperatures or to wastes
containing oxiders that can react with the binder materials. Also, some aromatic
solvents such as xylene and toliene can diffuse through the encapsulating agent.
Qils, greases, and some chelating agents may interfere with the hardening and
solidification of the encapsulating material. EPA believes that encapsulation
technologies are applicable primarily to wastes containing hazardous metal
constituents. Encapsulation may immobilize hazardous organics as well as metals;
however, incineration is more applicable to organics since incineration destroys
organics completely, whereas encapsulation can only immobilize them.

3.2 Underlying Principles of Operation-- - - :: . -

There are a number of very similar encapsulation processes that differ from
each other only in the encapsulating agent used. In all of the processes, the
waste is first dried to remove moisture. The waste is then usually reheated and
mixed with hot asphalt or thermoplastic material such as polyethylene. The
mixture is then cooled to solidify the mass.. The ratio of matrix (fixative or
encapsulating agent) to waste is generally high (i.e., 1:1 or 1:2 fixative to
waste on a dry basis). The matrix, once solidified, coats the waste to minimize

leaching.

3.3 Description of Encapsulation Processes

Encapsulation processes can take the form of macroencapsulation,
microencapsulation, or both. Microencapsulation is the containment of individual
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waste particles in the polymer or asphalt matrix. Macroencapsulation is the
encasement of a mass of waste in a thick polymer coating. The waste mass may
have been microgncapsulated prior to macroencapsulation.

3.3.1 Microencapsulation

Microencapsulation processes typically involve the following unit
operations in series:

e Predrying of the waste to remove entrained moisture.

e Mixing of the heated waste with molten encapsulating agent (asphalt,
polyethylene, thermosetting resins).

o (Cooling of the hot mixture to allow the mixed mass to harden into a
solid mass.

Generally, ratios of matrix to waste used are high compared to those of
pozzolanic stabilizaticn processes (i.e., for encapsulation the ratio is in the
1:1 to 1:2 range). Mixing is generally done at 120 to 130°C depending on the
melting characteristics of the matrix and the type of equipment used for mixing.
A few processes differ from the above description in that polymerization of
monomers mixed with waste is conducted at ambient or near ambient temperatures
in the presence of catalysts. The monomer (or monomeric mixture) then
pclymerizes at room temperature, coating the individual waste particles.

3.3.2 Macroencapsulation
The macroencapsulation process of hazardous waste solids usually involves
two steps. In the first step, the hazardous wastes may be chemically treated by

using low-cost dehydrating agents such as lime, kiln dust, or Portland cement.
This operation does not increase the volume of the solids significantly because
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only a small amount of dehydrating agent is needed to dewater the solids. The
resulting ‘mixtures are friable, and they can easily be ground.
<
In the second step, the dehydrated sludges are ground and the particles may
be microencapsulated, typically by a polybutadiene binder. Then the mass is
macroencapsulated, or coated, typically by high-density polyethylene.

The typical apparatus for macroencapsulation processes features heated or
cooled molds, a method of waste and hardened product manipulation, and hydraulics
for mold aciuation. The molds typically contain electrical band heaters and
water cooling channels. After the polymer coating hardens, the mold is split to
facilitate product demolding.

3.4 Waste Characteristics Affecting Performance (WCAPs)

In determining whether encapsulation will achieve the same level of
performance on an untested waste that it achieved on a previously tested waste
and whether performance levels can be transferred, EPA examines the following
waste characteristics: (a) the water content of the waste; (b) the presence of
oxiding agents in the waste; (c) the presence of certain organic solvents;
(d) the presence of oils, greases, and chelating agents; and (e) the presence of
thermally unstable materials in the waste:: ‘These characteristics are described
below.

-

3.4.1 Water Content

The processes normally require a dry solid waste. Wet solids need to be
dried at elevated temperature, or chemically treated, to remove entrained
moisture before they can be mixed with molten polymers, asphalt, or monomeric
mixtures. The presence of free water interferes with the elevated temperature
encapsulation processes by forming steam during the mixing and preventing a
smooth coating of the particles. In ambient temperature processes, water may
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react with the polymerization catalyst, preventing it from initiating the
polymerization reactions.

-

A

3.4.2 Presence of Oxidizing Agents

Strong oxidization salts such as nitrites, chlorates, or perchlorates will
react with the organic matrix materials and slowly deteriorate the matrix. These
oxidants may also react spontaneously with the heated matrix material to cause
a fire or explosion. Wastes containing such strong oxidants should not be
managed by polymer encapsulation processes.

3.4.3 Presence of Organic Solvents

Organic solvents, particularly aromatic solvents, may be capable of
dissolving the polymer matrix material. They will also cause significant air
emissions due to volatilization during the mixing of the heated waste and matrix
materials. The process should not be used. on wastes containing such solvents
unless the wastes have been pretreated to remove such materials.

3.4.4 Presence of 011s, Greases, and Chelating Agents

0ils, greases, and organic chelating agents are likely to dissolve in and
migrate through the polymeric matrices used for encapsulation. They may also,
to some extent, coat individual waste particles and prevent firm
microencapsulation binding between waste particles and the polymer matrix
surrounding them. Because of the ability of these organics to diffuse through
polymeric matrices, wastes containing oils, greases, and organic chelating agents
should not be ninaged by polymer encapsulation.

3.4.5 Presence of Thermally Unstable Materials

Hydrated salts are likely to decompose during the initial hot mixing of
matrix and waste materials, liberating water vapor. These salts will also
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rehydrate during cooling and thus interfere with the uniform coating of waste
particles'by the matrix polymer. Wastes containing hydrated salts should not be
managed by this{process. Salts that are known to cause such problems include
hydrated sodium sulfate, magnesium sulfate, and hydrated metal chlorides. The
soluble hydrates need to be removed from the waste by chemical or physical means
before the wastes are managed by polymer microencapsulation.

3.5 Design and Operating Parameters

There are five design and operating parameters for this set of processes:
(a) the choice of the polymeric matrix material, (b) the mixing equipment used,
(c) the ratio of polymer to waste used, (d) process temperature control, and (e)
air emissions control. These are described in the following paragraphs.

3.5.1 Choice of Polymeric Matrix

Several polymeric matrices are available for use in these encapsulation
processes. These include asphalt, polyethylene, thermosetting plastics (such as
urea formaldehyde type resins), and resins that can be polymerized under ambient
temperature in the presence of a catalyst. The choice of the polymeric matrix
determines the temperature and equipment to be used and strongly influences the
needed cure time. It also determines to some degree the choice of wistes that
can be accepted because of differences in the properties of the polymers. EPA
will examine the basis for the choice of polymer matrix, available test data, and
the wastes being accepted for processing.

3.5.2 Mixing Equipment Used
For microencapsulation, polymers or monomers and catalysts must be well
mixed with wastes to ensure that uniformly coated waste particles are produced.

EPA will examine the design and operating characteristics of the mixing system
to ensure that it is capable of generating uniform mixes.

f:\document\15254031.01.011 98



3.5.3 Ratio of Polymer to Waste Used

Sufficient Bo]ymer must be used to ensure that the waste is uniformly
coated. Generally, a l:1 or 1:2 polymer-to-waste ratio on a weight basis is
used. EPA will examine the basis for the choice of polymer-to-waste ratio used
to ensure that sufficient polymer is being added.

3.5.4 Process Temperature Control

To achieve uniform mixing, the encapsulation matrix must be in a 1iquid
state. The melting points of the different thermoplastic polymers will differ
from each other. During mixing of the molten polymer and waste, the temperature
needs to be maintained above the thermoplastic polymer melting point and below
the point at which polymer vaporization or thermal decomposition begins. Thus,
for a given thermoplastic polymer, there is only a certain temperature range in
which the process can be satisfictorily operated. For thermosetting resins the
temperature selected must be appropriate to cause polymerization (hardening)
after thorough mixing. EPA will examine data on the properties of the polymers,
including decomposition, to ensure that a proper operating temperature was
selected. EPA will also examine the temperature control instrumentation in use
to ensure that it is operating properly.

3.5.5 Air Emissions Control

Heating of mixtures of waste with polymers or asphalt can cause the release
of hydrocarbon air emissions that may include volatile components of the waste,
plasticizers present in the polymers, polymer decomposition products, and low-
molecular-weight ingredients of the asphalt. In a properly operating system, air
emissions testing may be needed during at least initial operation to determine
levels of emissions and to assess the need for air emissions control. EPA will
examine such air monitoring data to determine whether air emissions control
systems are appropriate. The Agency will also examine the air emissions control
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systems in use to ensure that they are operating and in proper operating

condition.* -
<
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4. STABILIZATION GF METALS

4.1 App¥icability

Stabilization is a treatment technology applicable to wastes containing
leachable metals and having a high filterable solids content, low total organic
carbon (TOC) content, and Tow o0il and grease content. This technology is
electroplating wastewaters, incineration ash residues, and characteristic D-metal
wastes such as cadmium (D006), chromium (D007), lead (D008), and mercury (D009).
For wastes with recoverable levels of metals, high temperature metals recovery
and retorting technologies may be applicable.

Stabilization refers to a broad class of treatment processes that
immobilize hazardous constituents in a waste. Related technologies are
encapsulation and thermoplastic binding. However, EPA considers stabilization
technologies to be distinct from the other technologies in that their operational
principles are significantly different. Stabilization typically requires a
chemical reaction between the waste and the stabilizing agent for effective
treatment, while thermoplastic binding and encapsulation usually employ physical
containment of hazardous particulates by the encapsulating agent.

4.2 . Underlying Principles of Operation

The basic principle of operation for stabilization is that leachable metals
in a waste are immobilized following the addition of stabilizing agents and other
chemicals. The leachability is reduced by the formation of a lattice structure
and/or chemical bonds that chemically bind the metals to the solid matrix and
thereby 1imit the amount of metal constituents that can be leached when water or
a mild acid solution comes into contact with the waste material. Stabilization
is most effective when the waste metal is in its least soluble state, thereby
decreasing the potential for leaching. For example, hexavalent chromium is much
more soluble and more difficult to stabilize than trivalent chromium.
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The two principal stabilization processes used are cement-based and
lime/pozzolan-based processes. A brief discussion of each is provided below.
In both cementﬁpiked and lime/pozzolan-based techniques, the stabilizing process
can be modified through the use of additives, such as silicates, that control
curing rates, reduce permeability, and enhance the properties of the solid
material. ’

4.2.1 Portland Cement-Based Process

Portland cement is a mixture of powdered oxides of calcium, silica,
aluminum, and iron, produced by kiln burning of materials rich in calcium and
silica at high temperatures (i.e., 1,400 to 1,500°C (2,552 to 2,732°F)). When
the anhydrous cement powder is mixed with water, hydration occurs and the cement
begins to set. The chemistry involved is complex because many different
reactions occur depending on the composition of the cement mixture.

As the cement begins to set, a colloidal gel of indefinite composition and
structure is formed. Over time, the gel swells and forms a matrix composed of
interlacing, thin, densely packed silicate fibrils. Constituents present in the
waste slurry (e.g., hydroxides and carbonates of various metals) are incorporated
into the interstices of the cement matrix. The high pH of the cement mixture
tends to keep metals in the form of insoluble hydroxide and carbonate salts. |t
has been hypothesized that metal ions may also be incorporated into the crystal

-structure of the cement matrix, but this hypothesis has not been verified.

4.2,2 Lime/Pozzolan-Based Process .-

Pozzolan, which contains finely divided, noncrystalline silica (e.g., fly
ash or components of cement kiln dust), is a material that is not cementitious
in {tself, but becomes so upon the addition of Time. Meta